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INTRODUCTION 



Man have developed a questionable philosophy that he is somehow a special creature, above, 
apan and separate from all other living things. He follows his assumption that he can use 
and abuse nature without considering that all hving creatures are important to the total 
ecological system. He refuses to recognize that all living things are part of a complex fabric. 
If you destroy one creature, no matter how insignificant, you begin unravelling process that 
has broad ramifications no one is capable of predicting. 

Man lives on a very small planet It is a planet with finite capacity to support life, with finite 
resources, minerals, soil, air and water. 

Water is the life blood of the whole ecologic system, with two thirds of the canh surface 
covered by water. If you poison the water, you poison the whole system! 

There is a very thin cover of soil, sparsely spread on the globe, each inch of which took 
100,000 years to develop. In one year of bad conservation, that soil that took so long to 
develop can be destroyed. 

Every living thing depends on the thin envelop of air surrounding this planet. Each day 
millions of smokestacks and millions of motor vehicles pour pollutants into the atmosphere, 
destroying the air we breath and creating dangerous public health hazards. 
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LAND POLLUTION 

Soils differ both from air and water in its functioning as it is localized and is of solid state. 
The danger that pollutants will accumulate and will have a permanent effect is especially 
acute in the case of soil. While, by air and water circulation, the dilution and purification of 
these two factors is rendered possible, in case of soil, these processes cannot reduce the 
danger of damage. By it's fertility, soil, an important component of the habitat, contributes 
not only to the existence of vegetation and of the fauna living on it but also to the welfare of 
humanity. The decrease of soil fertility is therefore an important indicator of environmental 
pollution. 

Industrial pollution takes different shapes. The role of air-borne soil pollutants is the greatest. 
Winds can transport the pollutants to long distances. Suspended pollutant particles reach the 
surface, partly by sedimentation and partly by rain water. Furthermore, gaseous emissions arc 
absorbed by rain water and thus they get to the soil surface. 

Rural pollution is due to the use of chemical fertilizers to increase crop yield. Pesticides are 
poisons, used in the control of insects and odier undesirable animals and plants. 

Municipal pollution is due to landfill and storage sites. 

Environmental control has to cope with the following problems: 

Preventing the erosion of the fertile soil layers. 

Control the deterioration of the physical soil properties. Providing favourable 
conditions for the organisms living in the soil. 

Preventing harmful pollutants from penetrating into water or into the air. 

Eliminating all matters capable of causing damage to the food chain: 
soil-plant- animal-man . 
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AIR POLLUTION 

The nature of air pollution is two-fold: 

* 

Air contains finely divided solid and liquid particles such as dust, carbon, 
hydrocarbons, etc., which are electrically "charged and thus kept in suspension by 
electrostatic forces. 

The air contains gases which are poisonous or obnoxious in nature such as sulphur 
dioxide, carbon monoxide, oxides of nitrogen, hydrocarbon vapours and other 
substances. 

Air pollution comes from natural and man made sources. Natural sources include smoke from 
forest fires, wind blown dust and, on occasions volcanic eruptions. Man made solutions 
includes: emissions from industries; motor vehicles, aircraft and other combustion engines; 
and domestic refuse incineration. 

There are four main types of damage caused to the environment by air pollutants: 

Damage to vegetation: airborne particles cover leaves and plug stomata, thereby 
both reducing the absorption of carbon dioxide from the atmosphere and the 
intensity of the sun light reaching the interior of the leaves. Sulphur dioxide 
causes bleached patches on broad-leaved plants. Whatever the form of the 
damage, the results is a reduction of growth and yield. 

Damage to animals, birds and insects: 

Damage to human made materials: Airborne particles will reduce the life of 
materials and finishes by causing corrosion, especially in a moist atmosphere. 
Soiling of building in cities is one of the more obvious manifestation of air 
pollution. 

Weather and climatic changes (smog, reduced solar radiation, visibility 
deterioration, surface temperature increases). 
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Air pollutants enter the body by inhalation, thus making the respiratory system the main 
organ directly effected. Air pollution also have adverse effects on agriculture, forest growth 
and water resources. 

Ozone, the triatomic molecule of oxygen (Od , is present in the upper atmosphere in small 
amount. The ozone layer absorbs and blocks the sun's short wavelength ultraviolet radiation 
that is harmful to life. Reduction of the ozone layer might lead to undesirable global 
perturbations in the earth climate, causing to warm the lower atmosphere and reinforce the 
greenhouse effect associated with an increase in carbon dioxide. 

Two consequences of climate warming could be a melting of the drifting sea ice in the Arctic 
Ocean and a melting of the west Antarctic ice sheet It is emoted that a global warming of 1.5 
- 4.5 degrees Centigrade would lead to a sea level rise of 20 - 140 cm, thus causing flooding 
of many coastal lowland areas. 

The products of fossil fuels combustion, vehicular traffic and other industrial processes have 
been linked to visibility reduction and to acid rain. Many of these emissions are of acidic 
nature and on deposition at the surface of the earth, they cause effects on aquatic and 
terrestrial ecosystems. Acid rain-can be transferred to the earth in a wet and/or dry form. Wet 
form is deposited due to rainfall, while dry deposition refers to all material deposited from the 
atmosphere in the absence of wet precipitation (eg in the form of fine particles). 
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WATER POLLUTION 

Water resources are polluted either directly by discharging"contaminated effluent to the water 
bodies or indirectly such as in the case of rainfall, which gets conmrninated by the air and 
soil before it reaches the water resources. 

Water resources are polluted by Industrial, rural and municipal sources. 

Polluting receiving water could be categorized as foUows 

Impacts on aquatic life due to suspended solids, heavy metals and oxygen 
depletion. 

Deterioration of aesthetics of water bodies such as turbidity due to suspended 
solids, and algae growth in the water. 

Deterioration of the recreational value of the water such as beach closure due 
to high bacteria levels in the water. 

Industrial Pollution is due to: 

air emissions released by industries which react with precipitation and is 

deposited on the land and water, 

direct discharges of industrial effluent to water bodies; landfill and storage sites 

may cause groundwater contamination. 

disposed of waste materials and by products into landfill sites. 

and stormwater run-off directly discharging to water bodies. 

Industrial pollution is generally more chemically oriented in comparison to rural and 
municipal sources. Industries produce chemical wastes, that if proper regulations and 
inspection process cannot control, can cause envuonmental problems. 
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Agricultural Pollution is due to: 

fertilizers which uses inorganic compounds to boost the productivity of the soil; 

pesticides are also a sort of chemicals which are not biodegradable. 

organic material from the plants. 

and animal wastes (bacteria, nutrients and oxygen demanding materials). 

All the above four sources of pollution are transported to surface and ground waters 
by means of surface water, which canies the pollutants to the water bodies or is 
allowed to seep into the ground. 

Another contaminated source of pollution which indirectiy pollutes surface waters is 
the sediments due to erosion from agricultural land. Sediments are carried by wind or 
water, and is deposited in receiving waters. 



Municipal Pollution: is due to: 

Stormwater is discharged from urbanized land to receiving waters. Stormwater 
Management was introduced to deal with the inconvenience of minor and 
major flooding in the watershed. Stormwater was perceived as clean and non 
polluting source. 

With more emphasis on water quality objectives, recent studies have shown 
that stormwater is the major source of bacteria, sediments, and heavy metals. 
Combined Sewer Overflows (CSOs) occur usually during rainstorms, when the 
capacity of pipes/STP can not handle large flows, thus overflowing to receiving 
waters. The overflow is a mixture between stormwater and sanitary sewage. It 
was"perceived that the mixture is diluted enough to be safe for discharge 
without treatment. However as mentioned above, stormwater is not clean, and 
the mixture of stormwater and sanitary flow is fairly polluted. 
Garbage and sludge incinerators result in air pollution. "Heavy metals, organic 
compounds, and some time toxics are released into the air. The contammated 
gases come back to earth, as it gets absorbed by rain drops. Thus 
contaminating" the soil, surface and ground water. 
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Sewage treatment plant is a major source of pollution because "of the large 
volume of effluent that discharges. The expenses required to construct and 
operate the STP in order to release non-contaminated effluent are immense. 
Sewage treatment bypass, which operates if the STP capacity is exceeded, or a 
malfunction of the plant occurs. The raw sewage flows are released to the 
waters without any treatment. To"protect the environment, storage tanks have 
been installed in many plants to hold part of the untreated volume of flow. 
Land fill sites result in a surface water and groundwater contamination. After 
the site is closed, contamination is only particular to groundwater. Landfill sites 
used to be built without proper recognition of the drainage aspects of the 
site. "Water table level is an important issue when constructing a site. 
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STORMWATER MANAGEMENT 

INTRODUCTION 

Storm Water Management (SWM) is the strategy to decrease the possibility of flooding, 
stream erosion and pollution of receiving waters by stonnwater runoff due to urbanization. 
SWM is a combination of planning, engineering and management utilized to drain a 
watershed with the minimum possible damage to human life, property and the environment 

Urbanization alters the drainage characteristics of the land the following ways; 

Urbanization increases the imperviousness of the natural land, thus allowing less water 
to infiltrate into the ground, therefore surface water runoff volume will be higher and 
consequentiy the rate of runoff will be higher. The subsequent reduction of water 
infiltrating into the soil may result in a lowering of the local water table and a 
potential reduction in the amount of ground water recharging streams. 

With development of the watershed, the retention capacity of the land for holding 
surface water is also decreased. This is due to the change of the natural topography of 
the land (elimination of natural retention storage), and loss of vegetation. 

The slopes of the watershed and the friction factor of the surfaces are also altered with 
urbanization. Therefore, the post development surfaces (roads, roof tops) provide 
smaller time of concentration for storm water runoff. 

The effects of urbanization on stormwater drainage are related to the change in the runoff rate 
and the volume of stormwater entering the natural drainage system. No runoff is longer 
delayed by minor topographic depressions, the vegetative cover, or the"indiieci routes natural 
surface runoff must follow. The volume of runoff will be 2.5 times higher than 
pre-development conditions, and the rate of runoff for post-development conditions can be 
increased by 4 times as much as pre-development conditions. This amount of excess surface 
water can cause damages ranging from minor flooding of roads and basement flooding to 
major flooding. In addition, the carrying capacity of the streams and rivers may be exceeded 
rapidly causing erosion and flooding of the banks. 
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A network of underground and surface drains arc built to facilitate the removal of stormwaier 
runoff. The pipe system is called the minor system and the surface drainage is called the 
major system. Rain water is collected on die major system from sidewalks, roof tops, and 
parking lots. Part of surface runoff is transferred to the minor system through catch basins 
and the rest is drained by the major system. The minor system receives water from foundation 
drains, roof leaders and illegal connection of sanitary sewers and septic tanks. Although the 
minor system is the primary mean of disposing of stormwater, it carries a small proportion of 
the total rainfall during extreme storms. The minor system is designed to carry the two year 
storm and surcharge for the five year storm, with minor street flooding. However the 100 year 
storm is drained mainly by the major system. 

After stormwater is collected in both the minor and major systems, it can not be drained 
uncontrolled to receiving waters. The impact of stormwater on the environment is two fold: 

Impact due to water quantity (erosion and flooding of banks of streams) 

Impact due to water quality (pollutant loading to receiving waters) 



Water Quantity Problems: 

A typical hydrograph of an urban stream during a rain storm shows that peak flows of 
urbanized streams respond more quickly and are much higher than the pre-development 
conditions. The impact of this increase in discharge is the increase in the erosion of the 
natural stream banks due to higher flow velocities and longer full stream bank conditions. 

To protect the streams from high flow rates and flooding impacts, various methods were used 
to decrease the peak of the post development hydrograph to the peak pre-development 
hydrograph. This is done by detention of the post-development hydrograph so the volume of 
runoff is spread out through longer time peak shaving, therefore decreasing the peak flow. 
Although the peak flow closely resembles pre-development conditions, the duration of the 
flow on stream banks are much longer in post development conditions due to the larger 
volumes of runoff, tiius erosion continues at higher rates than pre-development. 
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The most popular method in Canada to retain stormwater is the stormwater pond. Flat roof 
tops, parking lots and underground storage tanks are also used to retain stormwater. 
The pond is a surface depression in the ground with an inlet for stormwater inflow and an 
outlet which directs the outflow from the pond to the receiving stream. Ponds are effective in 
managing stormwater due to their large holding capacities. Furthermore ponds arc easy and 
inexpensive to construct and maintain. Ponds are also being used for water quality reasons, 
which will be discussed later in this lecture. 

There are generally two types of ponds, namely detention ponds (dry), and retention ponds 
(wet). Wet stormwater retention ponds arc permanent water bodies designed to hold water 
until it's capacity is exceeded, thus overflowing to receiving water. Wet ponds are long-term 
storage facilities. Dry ponds are used for shon-term storage. They hold water for limited time, 
and releases it slowly through a controlled outlet Modifications on ponds have being taking 
place for water quality reasons. Extended dry and wet ponds have been developed to improve 
the efficiency of the pond in removing pollutants. 



Water Quality I^oblems 

In association widi altered drainage characteristics, water quality is also subject to change. 
Runoff from urban areas contributes pollution loading of sediments, nutrients, bacteria, heavy 
metals, oils, and grease and, in the winter, road salt at a much higher rate than undeveloped 
conditions. 

During the construction phase of urban development, land erosion during runoff events may 
increase by one thousand times compared to pre-development conditions (Guidelines on 
Erosion and Sediment Control for Urban Construction Sites in Ontario, 1987). High erosion 
rates can result in loss of valuable top soil and the subsequent sedimentation in rivers and 
lakes can effect water supplies, flood control, fishing, navigation and recreational activities. 

The effect of urban runoff on receiving water could be detrimental to aquatic life and the 
livelihood of the streams and lakes. Sediments in the stream increase turbidity and reduce 
light penetration, thus reducing prey capture for sight seeing predators. Furthermore, 
sediments cause clogging of die gills and filters of fish and aquatic invertebrate. Sediments 
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also cover the spawning ground of the fish, hence eliminating juvenile fish survival (Schueler 
1987). 
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Nutrients such as Nitrogen and Phosphorus depletes oxygen from streams indirectly by 
supporting algae growth which quickly decomposes and consumes oxygen. Heavy metals, 
oils, grease and chloride are toxic to aquatic life. Bacteria is a potential health hazard if water 
is used for body contact activities. 

To reduce the impact of urban runoff, the following measures must be considered. Control 
erosion in urban areas, especially during the construction period. Furthermore, after 
construction, residents should be encouraged to take action to decrease pollutant and sediment 
loadings from their drainage area by using long lasting fertilizers and maintaining good cover 
on their residential lot. In addition, municipal street sweeping should be encouraged, 
especially in the end of winter and beginning of spring. 

Control the quality of storm water before being released into receiving water by using Best 
Management Practices Stormwater ponds, infiltration trenches and grass water ways can be 
used to enhance sediment and pollutant removal. Stormwater ponds are currently the most 
popular method, as they can control both the quantity and quality of urban runoff. 

Wet ponds are more efficient for quality control than dry ponds because they provide longer 
retention times and more quiescent conditions for sediments and pollutants to settle out. Wet 
ponds also provide the conditions for biological uptake of nutrients and bacteria die off after 
extended retention times and provide aesthetic value and recreational activities for the urban 
area. The main disadvantage of the wet pond is that when it overflows the elevated 
temperature of released water into the streams may be detrimental-to cold water fish species. 

The odier stormwater quality management techniques that are becoming more popular are 
infiltration grass waterways and infiltration trenches which remove pollutants by the 
infiltration of stormwater thereby removing soluble and particulate particles. In addition, 
infiltration provides for ground water recharge and, hence, maintenance of stream base flows. 
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STQRMWATER MANAGEMENT COMPONENTS 

SWM has evolved in the past several years to a point where it is recognized that 
comprehensive planning with multi-agency involvement is necessary to ensure the protection 
of property, human life and our natural receiving waters. The three key components of this 
planning process are the Watershed Management, Master Drainage, and Stormwater 
Management Plans. To ensure effective stormwater management, all three components must 
be completed and be directly related to the municipal plaiming process. 

Watershed Management Plans are comprehensive strategies that establish broad 
water management goals and targets for an entire watershed. First, the plan documents 
examine the physical, chemical and biological characteristics of the watershed. This 
information is then used to define the existing and potential water uses. General 
control methods/or technologies are then evaluated and selected on a watershed basis 
to protect or enhance the receiving waters. 

Watershed Management Strategies are linked to municipal official plans which set out 
the objectives and policies which municipalities use to guide development. The official 
plans should contain the stormwater management goals and targets established in the 
Watershed Management Plan. The municipality should make a commitment for 
comprehensive planning at all stages of land use planning. 

Master Drainage Plans address the requirements for stormwater management on a 
sub-watershed level. It uses information prescribed in the Watershed Management Plan 
and develops the necessary regional stormwater controls such as infiltration 
trenches, extended swales or stormwater ponds. This planning level is at the same 
scale as the municipal secondary plan which provides more specific planning details 
such as land use and nunsportation corridors. Developing these two plans 
simultaneously will ensure the optimization of all resources within the sub-watershed. 

Stormwater Management Plans: should be developed jointly with the plan of the 
subdivision. Stormwater Management should be considered at an early stage in the 
subdivision process because it may significantly affect such items as the layout of the lots of 
the subdivision. 



1-6 



WATERSHED PLANNING 

AN OVERVIEW OF WATERSHED PLANNING 

Introduction 

In the past, watercourses in the vicinity of developing areas were primarily viewed as 
an impediment to land use planning and as the obvious location to discharge collection 
storm water. The impacts on the hydrologic cycle such as reduced baseflow, increase 
in direct runoff, more peaked and earlier discharge after rainfall, and a deterioration of 
water quality were recognized, and for a considerable period of time, were accepted as 
a consequence of development. 

Storm water management was introduced in the early 1970's as a means to mitigate 
the effects of development on peak discharge for a particular site. The practice of 
storing runoff with a gradual release was, and still is, an effective means of controlling 
some impacts of development. 

Recently, more focus has been directed at the less obvious impacts of land use change. 
Public awareness of the environment, water quality and the natural amenities of a 
watershed, has significandy increased in the past 5 years. There is a trend now to 
evaluate the natural resources of a watershed, investigate means of protecting, 
restoring and enhancing the resources, then develop a landuse pattern which respects 
the natural opportunities, while at the same time, meets the growth needs of the 
community. 

The public and political attitudes to "greening" have also been supported by senior 
levels of government through initiatives such as the preparation of Interim Storm 
Water Quality Control Guidelines for New Development, the initiation of development 
of guidelines for sub- watershed planning, and enforcement untkr the Federal Fisheries 
Act 

In the future, the Ontario Ministry of Municipal Affairs will play a key role in 
blending the goals and objectives of both landuse and watershed planning. 
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The move towards effective watershed management will be transitional. It will take 
time before procedures and policies are developed which will ensiur diat watershed 
planning strategies will result in a balance between the natural environment and 
economic growth. Future studies will be multi-disciplinary and integrated. 

At present, some watershed studies have been completed but not without difficulty. 
The absence of a provincial framework and policy statements, coupled with the need 
to quickly prepare plans in advance of development, has resulted in watershed 
strategies evolving inefficiently and incompletely. Nevertheless, where efforts have 
been taken, watershed management studies have successfully produced a substantial 
change in the attitudes towards watershed resources resulting in a more acceptable 
balance between the natural environment and land base activities. 

Planning Framework 

The planning framework for drainage studies in Ontario is documented in the "Interim 
Storm Water Quality Control Guidelines for New Development" prepared byu the 
Ministries of the Environment and Natural Resources. The recommended hierarchy of 
studies is as follows. 

1. Watershed Study 

Detailed evaluation of resource management objectives and targets for 
Watershed Studies. Usually undertaken by a Conservation Authority or the 
Ministry of the Environment. 

Z Master Drainage Plan 

Utilizes management objectives developed in (A) and recommends centralized 
facilities for water management. Establishes criteria and guidelines. Usually 
completed by the Municipality. 
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3. Storm Water Mgt Plan 

Design of water management facilities to meet objectives of Watershed Study 
and Master Drainage Plan. Done on a local, site basis by developers. 

A strong, well organized Project Team of Watershed Planning Studies is a very 
important consideration. The following suggestions arc provided for 
proponents of studies. 

A well organized Project Team is essential. 

Chair should be a senior representative from the Municipality, 

Conservation Authority, or participating agency. 

Representation should include MOE (district offices), MNR (district 

offices). Conservation Authority, Municipal Staff (Region/District and 

Area Municipality), a representative of the development industry, and 

members of the Consulting Team. 

A member should be assigned to represent the private housing sector. 

It may also be necessary to add resource specialists to the Project Team 

(for example; groundwater specialist, fisheries biologist). 

Convene at least 4 formal meetings. 

Minutes to be kept by Consultant and distributed immediately after the 

meeting. 
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Funding 

Funding can be from a variety of sources, including but not limited to the 
following. 

Development Charges 

Municipal General Account 

Municipal Levy Account 

Direct Contributions by Property Owners to Municipality 

Conservation Authority 

Ministry of Natural Resources 

Ministry of Environment 

Environment Canada 

Public Input 

Receive input from public as study commences. 

Allow die public an opportunity to input to the formulation of targets 

and objectives for the watershed. 

Consider the addition of the public to the Project Team or as a member 

of an advisory group. 

Present management plan alternatives to the public. 

Present final report to Municipal Council and Conservation Authority. 

Present the recommended plan to the public at an open house and 

public meeting. 
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Property Owner Input 

At the commencement of the study, it is essential to gain consensus amongst 
all watershed stakeholders to clearly define expectations for, and implications 
of endorsement. Sp>ecific Terms of Reference must identify the endorsement 
and approval process for the study. Draft reports of Watershed Plans must be 
submitted to all agencies which may have an interest. Agencies must provide 
an endorsement of the completed study to ensure that the plan results in a 
guideline which will streamline and consolidate the review process for 
development applications. Once approved, the plan can be used as a 
background document for procedures initiated under the Planning Act, such as 
official plan amendments, community scale planning, draft plan of subdivisions 
and site plans. 
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A GENERIC STRUCTURE 

FOR 

WATERSHED PLANNING STUDIES 



The Goal 

The goal of Watershed Planning is to develop a management plan for watersheds 
which considers the natural resources and opportunities in the drainage basin so that a 
balance is achieved between the natural environment amenities and land use change 
associated with urban development. 

Background Review 

Background data and information pertaining to the project must be collected. The 
information includes the following. 



Drainage Areas and Patters 
ESPA and ESA Designations 
Geology and Soils 
Aggregate Resources 
Flow Records 
Water Use 

Historic Water Quality 
Agricultural Practices 
Fish and WUdlife 
SWM FaciUties 
Historical Flooding 
Engineering Infrastructure 
Housing Studies 
Erosion Sites 



Existing and Proposed Land Use 

Planning Designations 

Recreational Uses 

Transportation Corridors and 

Hydraulic Structures 

Well Records and Hydrogeology 

Discharge and Recharge Areas 

Precipitation 

Baseflow 

Vegetation 

Wetiands 

Regulated Areas 

Ponds and Dams 

Drainage Improvements 

Pollution Sources 
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Inventory and Background Information Assessment 

The background data will be reviewed and summarized. Inventories will be completed 
where additional information is required. In studies where the scope cannot be 
formulated until the available information is assessed, a work program should be 
prepared after the assessment. Otherwise, the study will proceed to address the work 
program identified in the specific Terms of Reference. The information assessment 
must determine the degree of environmental significance and sensitivity of the 
watershed, the opponunities to maintain and etihance natural environment resources, 
the social and culture resources. 

Policies and Watershed Management Objectives 

Existing policies governing watershed management issues must be reviewed. 
Agencies, Stakeholders and the Public must be aware of the study and be provided 
with a forum for input leading to the definition of Watershed Objectives. Specific 
Targets and Objectives should be developed which address botii protection and 
enhancement opportunities of watershed resources such as water quality and fisheries 
habitat 
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Based on an evaluation of the physical processes within the watershed, and in 
recognition of the social and infrastructure needs of the community, the Watershed 
Plan will summarize the objectives, targets and constraints related to the following. 

fishery targets 

hydrologic targets 

natural resource areas to be preserved 

environmental enhancement opportunities 

land use needs 

recreation 

flood and erosion control 

susceptibility of groundwater to contamination from urban storm water 

infiltration 

potential recharge and discharge zones to maintain and enhance baseflow and 

water temperature in the stream 

existing sources of pollution and corresponding remedial action 

existing water uses and withdrawals 

erosion sites 

steep slopes 

water quality targets based on steam use and provincial guidelines 

constraints on urban development to maintain and enhance water quality 

circumstances which promote the target fish species 

constraints on urban development to achieve fish habitat targets 

natural resources areas (wetlands, environmentally sensitive areas, stream 

corridors, regulated areas) 
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Balance Assessment and Effects of Change 

The analysis of physical and natural amenities of the watershed must be balanced with 
the land use needs of the community. The intent in this exercise is to protect the 
natural features which are required to achieve the watershed objectives with minimal 
effect resulting from desired land use change. 

Sufficient focused study of important watershed processes must be completed so that 
an adequate understanding is achieved without becoming a comprehensive and 
uncoordinated effon. Fields of study may include the following. 



peak runoff flows 

time distribution of runoff 

flood levels and velocities 

existing storage impoundments 

capacities of existing works 

infiltrationAccharge/discharge 

groundwater 

wetlands 

water supply aquifers 

benthic environment 

recreation 



runoff volume 

erosion and sedimentation 

flood plain storage 

reservoir operations 

baseflow 

floodplain buildings and structures 

flora & fauna, including woodlands 

ESPA's 

water quality 

fisheries 



Evaluation Methodology 

The methodology to determine the effectiveness of the balance will be determined. 
Analytical models for hydrology, water quality, water budgeting, erosion, 
hydrogeology, etc. must be identified. 
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Develop Watershed Management Plans 

It is necessary to prepare a list of Conservation Practices, based on applicable Federal, 
Provincial, Watershed and Municipal policies, guidelines, and objectives, which 
address streamflow, water quality, wetlands, fisheries, soil erosion and general 
resource conservation requirements. This list is intended to be used as a guide in 
formulating alternative plan components. 

Alternative measures and techniques to address targets and constraints for flooding, 
erosion, water quality, natural resources and fishery habitat under present and future 
conditions must be investigated. These measures may include: 

protection of natural areas; 

opportunities for enhancement; 

conservation practices and variations of them (including source control); 

programs and works to address existing problems; 

consideration of type, density and location of development; 

works to be incorporated during individual site development; 

centralized works to be implemented prior to development. 

Various measures and techniques can be combined to formulate alternative plans 
which will meet the Management Objectives. The Do-Nothing Plan will be included 
as one of the alternate plans. Each plan will be evaluated and compared. The 
evaluation will be based upon: 

ability of the plan to achieve the Objectives; 

achieving a balance between natural environment considerations and proposed 
land use change; 

economic, social and environmental benefits of each plan. 
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From this evaluation and the results of the public participation program, the preferred 
plan will be recommended. 

Develop Control and Prevention Strategies 

For unavoidable impacts resulting from conflict between Management Objectives, 
offsetting mitigative measures must be put forth. 

Implementation Plan 

An implementation strategy for the plan will be prepared to ensure that the 
Management Objectives will be met. The implementation strategy will include but not 
be limited to: 

phasing and cost sharing of recommended works; 
public awareness program; 

modification to municipal planning documents (including zoning); 
directives to development proponents of site-specific studies and assessments; 
available plan review mechanisms such as conditions of subdivision draft plan 
approval, site plan control; 

enforcement measures such as zoning, fill regulations, site plan agreements and 
corresponding responsibilities for inspection; 
enhancement programs; 
timing and responsibilities for further study; 
ownership and maintenance of facilities; 
. ' stewardship of natural areas; 
land tenure on setbacks. 

The implementation plan must clearly define the proposed management strategies. It 
should be written as a stand-alone document, available for distribution to those 
involved in watershed management and development. 
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Monitoring 

A monitoring program should be included, which will address permanent station 
network for streamflow erosion, water quality, fish, flora, fauna, and benthic resources, 
short term and long term monitoring and reporting responsibilities, follow-up and 
enforcement responsibilities for implementation strategy. The monitoring program 
should also include financial responsibility for the monitoring program, details of 
reporting, monitoring program audits, procedures to be followed if monitoring shows 
non-compliance. 
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STQRMWATER QUALITY BEST MANAGEMENT PRACTICES 

INTRODUCTION 

Concerns regarding the quality of stormwater runoff and its impacts on aquatic resources have 
been increasing for many years throughout North America. It is now generally recognized that 
stormwater must be addressed during the planning, design, and construction of our 
communities, in a different manner than in the past. In order to achieve development forms 
which meet our current needs while preserving and maintaining our natiu"al resources for the 
future, it will be necessary to plan our actions in ways which recogni2:e such things as water 
quality and quantity, Unkages between surface and groundwater, and dependencies between 
physical and biological resources. 

Processes and methodologies for this new type of approach are evolving rapidly in the 
Province. Terms such as "watershed planning", "ecosystem approach", "sustainable 
development", "no net loss of habitat" , and "enhancement" , arc encountered in vinually 
every undertaking. In effons to turn these guiding principals into actual applications, 
environmental planners, engineers, and scientists will have to make use of tools including 
source controls, conservation , land use control, treatment, and structural Best Management 
Practices (BMPs). 

It is this latter class of tools which is the focus of this paper. Structural BMPs refer to ponds, 
infiltration techniques, vegetative techniques, wetlands, and underground storage facilities, 
which arc implemented as part of a development or as part of a remedial program to correct 
existing problems. The use of these tools, in conjunction with other options such as 
housekeeping practices, land use restrictions or limitations, conservation and enhancement 
programs, and source controls of pollutants will result in future development forms which 
provide for human needs while protecting the natural environment. 
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BMP SELECTION IN THE CONTEXT OF LAND USE AND ENVIRONMENTAL 
PLANNING 

While the emphasis of this paper is on stormwater BMPs which address water quality 
problems arising from urban development, "water quality" has been defined quite broadly to 
include not only contaminants, but also baseflow, temperature, and groundwater impacts. It 
should be recognized that water quality cannot be isolated from water quantity , erosion , and 
habitat issues. 

AH of these aspects are inter-related (changes in water quantity can effect quality , erosion , 
and habitat diversity). Effecuve BMP design will be based on all water and resource 
management concerns as opposed to water quality concerns only. In order for this to be 
achieved, the selection and implementation of BMPs is best conducted within the context of 
both watershed plaiuiing and urban planning frameworks. 

A BMP selection process is presented which is intended to represent a top-down approach to 
water quality. Linkages to watershed planning and urban planning must be recognized. 
Consideration of BMPs should begin at the highest level (Watershed Plan and Official Plan) and 
continue through each subsequent planning level. The basis for BMP selection is tied to the 
potential and the uses desired for the receiving water. The potential and uses desired should be 
established through the watershed planning and urban planning processes. Once these are known, 
water quality objectives can be identified based on receiving water characteristics, and a BMP(s) 
selected to meet these objecdves. 

No one BMP type is preferred; every BMP has advantages and drawbacks. Therefore, the 
selection process is designed on the basis of choosing from an arsenal of water quality 
improvement techniques based on water quality concerns, site conditions, capital and maintenance 
cost, and design experience with different BMP types. This is different than die approach used 
by some agencies where a certain BMP technique (eg. infiltration) is preferred, and all other 
solutions can only be implemented if infiltration is found to be infeasible. The selection process 
outlined in this paper recognizes that each watershed or sub-watershed may require different 
actions to address specific use concerns. TTie process also recognizes that in many instances more 
than one type of BMP may be required to protect a range of resources. 
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Recognizing the multi-use nature of water management concerns, it is recommended that 
continuous analysis be used for the design of water quality BMPs. On a watershed, or large 
master drainage plan scale, this could involve the use of relatively sophisticated models for 
surface and groundwater characterization, and biological techniques such as habitat suitability 
index models. These sophisticated techniques will not always be needed at the local site level, 
especially where guidance is available from basin-scale Watershed Plans. The term continuous 
analysis, not continuous simulation, is specifically used in recognition of the possibility of using 
simpler methods for regional or local water quality analyses. The key intent is to ensure that long 
term climatological and hydrological (and if possible basin specific) information is used to derive 
the basis for design, rather than a generic or hypothetical set of conditions. 



IMPACTS OF URBAN STORMWATER RUNOFF 

Urban stormwater runoff has been identified as a significant source of organic matter (BOD and 
COD), nitrogen, phosphorus, chlorides, heavy metals, suspended solids/silt, oil and grease, 
bacteria and temperature (Novomy 1985, Qureshi and Dutka 1979, Rippey and Rippey 1986). 
In addition, a variety of toxic chemicals of domestic and/or industrial origin are often found in 
urban runoff (Schueler, 1987). Depending upon the stormwater management technologies 
employed at a particular location, these pollutants can find their way into both surface and/or 
groundwaters. 

Urban development also alters the hydrologic characteristics of a watershed (McCuen and 
Moglen, 1988; Schueler, 1987). The removal of natural vegetation and grading of tiie land 
eliminates both interception and depression storage. The covering of the land surface with 
pavement and concrete prevents infiltration, and hence, eliminates a third natural storage 
component (soil storage). Studies have shown that the decrease in infiltration resulting from 
urbanization has led to the gradual lowering of groundwater levels in some areas (Imhof, 1990; 
♦Planck, 1990; Waller, 1978 cited in Free and Mulamoottil, 1983). Reductions in groundwater 
levels create several problems including reductions in the available groundwater for municipal 
use, and reductions in groundwater inputs into surface water systems (Imhof, 1990). This latter 
impact is particularly critical because groundwater inputs are important to the maintenance of 
base flows in many streams and rivers and because groundwater effects on baseflows have 
significant thermal effects on streams. 
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Many different forms of BMP are available to address these concerns. It should be noted that in 
Ontario, very few facilities of any kind have been designed, constructed, monitored and 
maintained with water quality concerns in mind. Most Canadian experience is with wet-ponds 
which were designed as aesthetic amenities or as quantity control devices. Experience with other 
BMP types is available from the U. S., especially in Maryland, but even there, monitoring and 
maintenance has not been adequate. In addition, differences in climate and development forms 
between Canada and the U.S. make transfer of experience an uncertain undertaking. Despite 
this, it is believed that enough is known to require the use of storm water BMPs to reduce the 
impacts of urban development. While it is expected that there will be problems and the state-of- 
the-an will evolve through experience, there really is no alterative. There is ample evidence that 
urban development, in the form currently practised, is destructive to our water resources. 



BMP TYPES 

A variety of BMP types are available to control different urban impacts. Facilities range from 
centralized devices which collect and treat water from a large drainage area, to "lot" size devices. 
The emphasis in the following discussion is on the larger centralized facilities, but it should be 
recognized that relatively passive efforts to maintain the natiu^al hydrological response of the land 
are important. Discharging roof leaders to lawns and lot drainage to backyard swales can do 
much to reduce the load on the central systems, both in terms of flow volume and contaminants. 

BMPs can be broadly classed into storage tyi>es, infiltration BMPs, vegetative techniques and 
special purpose BMPs, based on the expected performance characteristics and problems of each. 
Historic experience with quantity control devices and sewage treatment works has led to a heavy 
emphasis on storage facilities which emphasize sedimentation. While ponds are expected to 
remain an important type of BMP, increasingly, designers are considering infiltration and 
vegetative techniques. 
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STORAGE BMPS 

This broad category includes traditional dry ponds, wet ponds, a hybrid known as an extended 
detention pond, underground tanks and constructed wedands. Dry ponds are ineffective as a water 
quality control, but can be important in local quantity control. Each of the other devices utilize 
sedimentation to a greater or lesser extent. This is effective for many contaminants , such as 
heavy metals which bind to sediment. Enhanced nutrient control can be achieved with the 
wetland* and wet pond type of BMPs, due to aquatic vegetation. Tanks and extended detention 
ponds are not as effective generally, but are useful in "retro-fit" and remedial situations. 

Storage devices enjoy traditional acceptance in Ontario, but they have disadvantages that must 
be recognized. These include thermal impacts and incompatibility with baseflow maintenance. 
In addition, site specific problems can develop due to algae growth leading to anoxic conditions. 
Design solutions are available to reduce these disadvantages, but in some instances it is preferable 
to select a different BMP type. 



INFILTRATION BMPS 

This category includes infiltration basins, infiltration and seepage trenches, and porous 
pavement. Infiltration is an effective method for treating nutrients, metals, and stormwater 
temperature. It will result in effective removal of suspended solids, but since this will result in 
clogging and inactivation of the facility over time, sediment removal is usually accomplished 
by a supplementary pre-treatment facility. Infiltration BMPs also provide benefits with respect 
to baseflow augmentation. Drawbacks of infiltration include potential groundwater 
contamination , high degree of failure (due to unsuitable soils and/or groundwater conditions, 
lack of maintenance, lack of adequate prc-trcatment, and poor construction techniques), high 
maintenance costs and a comparatively short life span. 

Infiltration techniques have seen relatively little use in Ontario, with widespread use occuirmg 
only in the Guelph area, until recentiy. Use of infiltration is often constrained by soil 
conditions. The advantages of this form of BMP, especially in terms of base flow 
maintenance and temperature control, are expected to lead to greater use in some locations. 
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VEGETATIVE BMPS 

Vegetative BMPs include buffer strips, grass swales and filter strips. In most cases they are 
passive measures. It is possible to design systems of these BMPs, especially in combination 
with infiltration techniques, to receive larger volumes of runoff. Vegetative BMPs act largely 
through sedimentation and filtering. In general, they are considered to be less effective than 
either of the previous two categories, and are generally considered to be a supplementary 
form of BMP, to be used in conjunction with other BMP types. 

Vegetative BMPs have the drawback of being relatively ineffective in winter and spring 
conditions. In addition , while most agencies will encourage their use, few will give any 
credit for incorporating them into the design. A developer who uses swale drainage will still 
be expected to provide a storage or infiltration facility of the normal size. 



SPECIAL PURPOSE BMPS 

This category of BMP includes oil/grit separators, U-V disinfection, and other special purpose 
designs. Generally these devices are used when there is a specific concern such as vehicle 
fuelling and storage or a nearby bathing beach. They will usually be a site specific or local 
BMP. While there is often pressure to include these types of devices as "add-ons" in granting 
approvals, they are not cost-effective for use on a broad scale. 



BMP SELECTION 

Each BMP has advantages and disadvantages and the determination of which BMP (or 
combination of BMPs) is appropriate or "best" in a given situation can only be determined on 
a case-by-case basis. The perceived disadvantages of any particular BMP in one situation may 
be irrelevant in another. In most cases, however, it appears that combinations of BMPs 
probably offer the most creative solutions in terms of meeting flood and pollution control 
objectives while simultaneously achieving broader "ecological" objectives. 
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The uses made of or desired from the receiving stream or body of water and the resources 
existing and in need of protection, both locally and downstream, are necessary to provide a 
context and starting point for BMP selection. Use of BMPs may be required because of basin 
export concerns, downstream/instream use or local concerns. 

There is no blanket hierarchy or priority associated with these different concerns, except as 
defined by the watershed planning process. Each set of concerns however, will tend to define 
a set of possible BMPs for consideration. For example, basin export concerns are often 
dominated by watershed loadings. Accumulation of contaminated sediment at the river mouth, 
terminal wetland protection, bioaccumulation, and dredging are the major issues. All of these 
are strongly linked to sediment dehvery and will require BMPs which function during the 
spring runoff period, because this is the lime when the majority of sediment is exported. 
Where basin export concerns are a priority, BMP selection will tend towards the use of 
ponds, because of the inefficiency of infiltration and vegetative BMPs during the spring 
period. 

Instream/downstrcam use concerns are usually more dominated by daily ambient conditions 
and periodic rainfall or spill-driven shock loadings. The uses to be protected usually include 
fisheries and recreation. The key parameters are typically temperature, baseflow, structural 
channel mtegrity, dissolved oxygen, suspended solids (bedload), and bacteria. Nutrients are 
also of concern, but often as a second order problem. Spills and heavy metals from urban 
runoff are aspects which must be considered in BMP plan refinement, but they will rarely 
form a useful basis for BMP selection. Where instream uses are a priority, infiltration 
techniques and vegetative BMPs will usually be preferred because of temperature and 
baseflow maintenance concerns. 

Local concerns are dominated by site specific conditions and resources. In most cases the 
concerns arc oriented towards protection of existing resources and opportunities to create new 
resources. Groundwater contamination and preservation or creation of aquatic and terrestrial 
habitats are the primary issues. In addition, the impact of the BMPs on the proposed land use 
is a local issue. In certain cases local concerns may rule out the use of certain BMPs as a 
primary measure (eg. infiltration in areas of significant aquifer recharge). In most cases 
however, local concerns can be addressed through design of the selected BMPs. 
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It should be recognized that the purpose of a BMP is to trap contaminants on-site and that in 
most cases contaminants are not destroyed. Concerns about accumulation of contaminants in 
local biota and pond sediment, or bacteria levels in retained surface water, are valid, but 
should not be an issue in BMP selection. These issues should be decided at the watershed 
planning level or on the basis of policy and if they are of sufficient concern within the 
context of the full watershed ecosystem, then BMPs should be limited to vegetative measures 
and development restrictions. 

A combination of BMPs will often be necessary to address different levels of concerns. 
Because of the range of concerns possible from the local to the basin scale, and the potential 
for conflict, priorities should be set during the development of watershed plans or master 
drainage plans in order to guide trade-offs during BMP selection. In many instances regional 
scale facilities will address some of the concerns (eg. peak flow control) while local BMPs 
will address others (eg. baseflow preservation). 



BMP SELECTION PROCESS 

The BMP selection process which follows is designed to allow an initial selection of a set of 
candidate BMPs based on uses and resources to be protected or improved. The intent is that 
the uses made of the watershed drive the BMP selection process, and that from the outset, the 
selection process be oriented towards creation of a BMP plan rather than a single-use facility. 

The first steps in the process involve identification of concerns, setting of priorities and 
establishing the basis for the plan. This will ideally be done at the watershed planning or 
master drainage plan level. Consultation with agency approvals staff will be required, 
however, regardless of the existence of these documents. This consultation should occur early 
in the process. 

Based on the concerns established, a "long list" of potential BMPs is selected and subjected to 
a screening based on site specific considerations. Physical limitations of the site can 
eliminate certain BMPs. In addition, non-physical constraints are used to divide the feasible 



3-8 



BMPs into two groups; those which seem to pose no problems, and those which may require 
special design or trade-offs. The criteria used for dividing BMPs based on non-physical 
constraints need not be overly rigorous and may actually be simply a matter of proponent 
preference. This is not a concern because non-physical constraints are not sufficient to 
eliminate BMPs. The BMP selection process is predicated on the requirement that the 
combinadon of BMPs selected address all identified use concerns unless physical constraints 
intervene. 

The next step is an assessment of the opportunities presented by the remaining BMPs. At 
this stage a BMP which was given a second priority in the previous step and which offers no 
distinctive opportunities, may be eliminated, so long as it is not the sole effective means of 
dealing with an identified concern. This opportunity assessment is often important in gaining 
approvals and public support. The idea of "mitigating impacts" is often seen as inadequate, 
and enhancements or improvements over existing (not necessarily natural) conditions are 
expected. 

The BMPs which remain at this point are recommended for prc-design assessment in terms of 
costing, determination of maintenance requirements, siadng and siting. Typically by this 
stage, likely combinations of BMPs will have suggested tiiemselves and it will often be more 
useful to evaluate a number of scenarios involving multiple BMPs rather than look at each 
BMP type individually. Based on the results of this assessment, the individual BMPs or 
scenarios are ranked primarily on the basis of cost, the fit with the development type, and the 
opportunities presented by the design. All scenarios evaluated must meet the entire list of 
concerns and any performance criteria which have been specified. 

The final product is a selected BMP or set of BMPs which can be submitted for approval and 
carried forward in design. The BMP selection process should be documented in the SWM 
plan along with any deficiencies in meeting established concerns. 
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MONITORING AND MAINTENANCE 

Special mention of monitoring and maintenance of BMPs is warranted. It is evident that 
while the implementation of stormwater BMPs is necessary to reduce impacts, we do not have 
a great deal of design experience or experience with the effectiveness of non-sediment related 
aspects of the facilities. Our knowledge is theoretical, or based on experience in different 
climates, or based on observations of natural systems which may not have been subjected to 
the same sorts of loads. Since the object of BMP design is to protect the aquatic resources of 
the receiver, it is critical that monitoring be conducted, first to confirm that the facility is 
working as designed, and second that it continues to work over time. 

Continued operation over time is perhaps the greatest concern. The facilities are designed to 
accumulate sediment and contaminants. If these arc not cleaned out and disposed of, the 
facilities will eventually cease to function and may actually become a liability. This is of 
particular concern because this may be expected to occur many years after development has 
been completed and attention has turned elsewhere. If a facility is to maintain base flow, 
temperature or suspended solids and it diminishes in effectiveness over time, the result may 
be a gradual degradation which may not be easily detectable or traceable to a given source. 

While all forms of BMPs must be maintained, attention to infiltration facilities is most 
important. Experience in the U.S. indicates that lack of maintenance is the primary cause for 
failure or diminished effectiveness of tiiis BMP type. The expected life of infiltration 
facilities is shorter than ponds (estimated 15 years) and periodic replacement will be 
necessary. Because many infiltration facilities are subsurface in nature, the problem of "out 
of sight, out of mind" may be expected to make maintenance particularly easy to neglect 

It is recommended that the proponent be responsible for the operation and maintenance of 
local BMPs for a period of two years from the completion of the development. The 
proponent would be responsible for ensuring that the necessary monitoring is performed, and 
that any required maintenance is carried out during this time. If the monitoring indicates that 
the BMP is not operating as designed, the problem should be rectified prior to acceptance by 
the municipality. 
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The municipality would be responsible for all operational and maintenance functions after the 
2 year probationary period. The monitoring program can be relaxed after the 2 year 
probationary period but cannot be discarded. The BMP facility must be checked at least once 
every 3 years to ensure that it is operating efficiently. 



CONCLUSION 

This paper has been based on a study conducted by Marshall Macklin Monaghan Limited for 
the Ministry of the Environment A project team composed of representatives from MOE, 
MNR, MTO, the Association of Conservation Authorities of Ontario, the Municipal Engineers 
Association, the Urban Development Institute, and the cities of Markham, Mississauga and 
Scarborough, provided overall project direction and comment. The study involved extensive 
consultation with many agencies and experts in the field, as well as a search of the existing 
literature. Technical conclusions are summarized from experience with BMPs in Canada and 
the United States with special emphasis on conditions in Ontario. In addition, conclusions are 
drawn with respect to the implementation of BMPs as recommended in the study. It is 
anticipated that the next phase of the Ministry's BMP program, the development of a design 
manual, will be initiated in 1991. 

The major technical conclusions of the study are listed below, followed by the study 
recommendations. 

1. Numerous studies indicate that BMPs can be effective in removing contaminants, and 
and therefore their implementation should be pursued and encouraged. 

2. No single BMP type can be universally recommended. In many instances combinations 
of BMPs will be required to address a range of concerns. 

3. There is limited experience with some types of BMPs in Ontario, most especially 
those involving infiltration or wetland techniques. Their use should be encouraged and 
monitored in selected areas. 
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4. The sediment which is trapped by BMPs will be contaminated and likely have some 
limitations on disposal options. BMPs are meant to concentrate contaminants rather 
than allowing them to spread throughout the ecosystem. 

5. There is a seasonality of stormwater runoff, water quality concerns, and BMP 
effectiveness in Ontario. The effectiveness of infiltration BMPs in the winter and 
spiing has been questioned and requires further research, 

6. Groundwater contamination in infiltration BMPs is a prevalent concern due to the 
mobility of dissolved chlorides and nitrates. Their use should be carefully controlled 
in areas where water supply is a concern. 

7. Dry ponds, which have seen widespread use for quantity control, are generally 
ineffective as a water quality BMP. 

8. Wet stormwater ponds are not an all-encompassing solution to water quality problems, 
There are drawbacks associated with ponds (stratification, lack of baseflow 
augmentation, impact to surrounding environment) which must be recognized when 
selecting possible BMP solutions. 

9. Vegetative BMPs arc typically not effective enough to be utilized as the sole type of 
stormwater quality control in most development applications. They do, however, 
represent a valuable supplementary BMP which should be encouraged in conjunction 
with storage and infiltration BMPs. 

10. Issues of aestiietics, safety, and liability arising from the implementation of BMPs can 
be satisfied by specific design features. 

11. Ongoing maintenance and in some cases, periodic replacement, of BMPs is extremely 
imponant to ensure effectiveness. Lack of regular maintenance has been the main 
cause of BMP failure. 
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RECOMMENDATIONS 



1. Stoimwatcr BMPs should be implemented in all new developments or redevelopments 
using the BMP selection process outlitied in this report 

2* The proponent should be responsible for construction of BMP facilities. 

3. New development monitoring should be used to ensure the effectiveness of stormwater 
quality measures. If a BMP is not shown to be operating as designed, corrective 
measures should be undertaken and effectiveness demonstrated prior to the 
municipality assuming the facility. 

4. The use of a stormwater utility should be investigated to pay for the long term 
maintenance of stormwater BMPs. Pending action in this regard, municipalities should 
be responsible for BMP maintenance. 

5. BMP studies should be undertaken at two levels. Demonstration studies designed to 
collect immediate information regarding BMP operation at existing or currentiy 
designed facilities, should be undertaken immediately. Comprehensive pilot studies 
which will involve detailed monitoring and operational testing of BMPs should be 
imdcrtaken over the next five years. 

6. Six infiltration BMP pilot studies and tiiree wet pond BMP pilot studies should be 
undertaken to determine the winter/spring operation of tiiese types of BMPs. The pilot 
studies should be based on BMPs designed in accordance with the recommendations 
outlined in this report. 
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7. Pilot studies should seek to address: 

a) winter/spring operation of wet ponds and infiltration BMPs 

b) receiving water effects from dissolved versus suspended solids 

c) receiving water improvements from BMP implementation 
<t) standard monitoring methods 

e) bio-accimiulation of stormwater contaminants 

f) Canadian BMP design standards 

g) pollutant first flush time of concentration on a watershed basis 



8. An Ontario BMP design manual should be produced based on the findings of this 
study. An expert system version of this manual should be produced to increase BMP 
awareness among non-technical personnel, promote water quality education, and to 
demonstrate the linkages between planning and stormwater management. 

9. Reviewing agencies should encourage innovative BMP designs, and be flexible 
concerning agency criteria. Since inter-agency conflicts can only be resolved through 
modified designs or modified criteria, agency inflexibility will cause lengthy and 
frustrating water quality approvals. 
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URBAN DRAINAGE ■ PROBLEMS AND SOLUTIONS 



INTRODUCTION 

Urban growth has resulted in a destruction of the natural moisture absorbing capacity of the 
land. The vegetation that used to absorb most of the rainfall has been replaced with hard 
surfaces such as roofs and pavement for roads and parking lots, resulting in increased runoff, 
and consequently larger storm drainage facilities. 

Runoff has traditionally been a major source of problems for municipalities, and has led to 
requests that runoff be collected and piped away as quickly as possible. Large storm sewers, 
culverts and concrete lined channels became the symbols of a superior drainage system. In 
spite of the high cost, damage from flooding - even in new urban areas - continued to occur, 
but this became classified as an "Act of God", convincing everyone that people could not 
afford a drainage system that would take care of every eventually. It took years to notice that 
a new set of problems had been created. Indeed all we seem to have done, is to move the 
problem from one location to another, and end up with more serious problems than we staned 
widi! 
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What Are The Problems? 

The major problems that have been created can be summarized as follows. 

High Peak Flows in storm sewers and streams which require larger facilities at 

higher cost; 

Lowering of water tables, with a detrimental effect on existing vegetation; 

Reduction in base flows in receiving streams, affecting aquatic life; 

Excessive erosion of streams and sedimentation in lakes, due to higher 
discharge velocities; 

Increased pollution of receiving sffeams and lakes from industrial fallout on 
roofs. fertiUzing of lawns, pollutants and debris from streets and paved areas 
being flushed to receiving streams; 

Damage due to flooding. Runoff quantities which had been experienced rarely, 
now occur much more frequently. The annual damage from flooding is 
increasing at an alarming rate and the public is demanding solutions. 



Nature meant most of this water to soak back into the earth, present practices prevent 
it. In many places the water table has dropped sharply because of insufficient 
recharging of the ground whereas extensive flooding occurs downstream on a more 
and more frequent basis. It is obvious that if we continue in this maimer, problems 
will increase to the point where, to correct the damage, we will be faced with costs of 
a magnitude that are beyond our capability to pay. We have only two choices. Either 
proceed with the information and knowledge we have gained from biner experience 
and Stan taking care of the future, or sit back and let nature teach us some more hard 
lessons. 
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What is Storm Water Management? 

Storm Water Management is the combined efforts of governing agencies providing 
policies and guidelines and consultants engaged in design and construction of storm 
drainage facilities, to control the effects of storm water so that the threat not only to 
life and property, but also to the environment as a whole, can be minimized. 

Who Needs It? 

We all do. Flooding, erosion and pollution have an impact on all of us. Past practices 
of collecting storm water as fast as possible and conveying it through larger and larger 
pipes to a natural watercourse often resulted in serious problems which only later 
became apparent. 



What Are The Solutions? 

In the past we have taken stop-gap measures to repair the damage from major 
rainfalls, rather than preventing it. This is where Storm Water Management comes in 
- predicting what will happen and taking precautions to avoid destruction during and 
after a storm. The obvious approach would be to design the storm drainage system to 
correspond as closely as possible to nature's demand; that is, direct the storm water 
into the. soil, preferably to the same extent as nature now does prior to development 
and maybe to an even greater extent. Whatever amount cannot be so accommodated at 
the point of rainfall should be detained in nearby locations for a controlled discharge, 
with peak flows preferably limited to pre-development runoff. This condition has been 
termed "Zero Increase in Storm Water RunofF'. 
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In addition to the environmental problem, there is the problem of the rapidly 
escalating costs of using the present storm drainage methods, and no one wishes to 
increase these further if it can be avoided. Neither do we want to set aside large areas 
of land for storm water detention, if this will result in higher costs of serviced land. 
But is this possible? From the experience gained with the use of modem storm water 
management techniques, the answer is affirmative. If attention is paid from the initial 
planning stage, it is likely that costs will not be higher, and in many instances will be 
less. When the downstream effect is considered, the total cost savings could be 
substantial. New concepts of storm water drainage have developed in recent years, 
among which the following techniques have proven very successful. 



METHODS TO PREVENT LOCAL FLOODING 

Minor-Major Drainage Concepts 

One of the most important aspects of urban hydrology is the recognition of the fact 
that urban areas always have two distinct and separate drainage systems, namely: 

the minor system (or convenience system), consisting of closed and open 
conduits carefully designed in a manner which will permit the public the 
unimpeded use of the roads during the more frequent storms. 

the major storm, being the route for runoff during times when the minor system 
is inoperable due to partial or total blockage or when its capacity has been 
reached. It has rarely been designed in the past, resulting in severe local 
flooding problems in many municipalities. It is not economically feasible to 
enlarge the minor system to eliminate the need for the major system. By 
careful attention from the initial planning stage, a major system can usually be 
incorporated at no additional cost and will often result in substantial savings in 
the minor system as well. In other words, greater protection at less cost 



The level of service for each of the two systems should meet the following basic 
criteria: 

Minor System (Convenience System) 

In areas with low traffic volumes, design storm sewers to accommodate 

runoff from a 1 or 2 year storm firequency, increasing to 5 years for 

major traffic arteries. 

To prevent damage to basements due to surcharging during major 

storms or temporary blockage, no gravity connections for foundation 

drains should be tolerated. 

Minimum depth to springlinc of pipe to be frost depth. 

Downspouts should whenever possible be discharged to the ground, 

utilizing precast concrete splash pads. 

Major System 

The balance of runoff from a 100 year storm to be conveyed within an 

overland flow route, utilizing streets with continuous grades. 

Where continuous road grades cannot be obtained, overflow swales 

must be provided to permit a free outlet. 

Depth of flow on streets during a 100 year storm must not cause serious 

flooding damage to properties or prevent access for emergency vehicles. 
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Outlet for Foundation Drains 

For many years foundation drains were usually connected directly to the sanitary 
sewers, where such were available; otherwise they were served by sump pumps. With 
the growing demand for increased sewage treatment capacities, it became logical to 
eliminate as much extraneous flow from the sanitary sewers as possible, and many 
municipalities staned to prohibit foundation drain connections to sanitary sewers, 
preferring instead to connect them to the storm sewer. The additional expense of 
extending storm sewers to serve the full length of all streets rather than catchbasins 
only, and the extra depths needed in order to connect the foundation drains by gravity, 
were considered to be worth the cost. Only later was it realized that a more serious 
problem had been created. 

Since it is not economically feasible to size storm sewers to accommodate every 
possible runoff eventuality, there were times when the storm sewer backed up to levels 
above the basement floors with the result that storm water flowed back into foundation 
drains and caused an uplift, the condition the drains were supposed to prevent. 

The problem became considerably worse where roof water leaders were connected to 
the same service connection as the foundation drains. In addition to the high cost 
involved, this method has resulted in many flooded basements often with extensive 
structural damage to floors and walls from the hydrostatic pressure exerted. Standard 
methods of basement construction caimot withstand a surcharge of more than about 
nine inches above basement floor level before structural damage will occur. Some 
municipalities have discovered the error in this design criteria and have reverted to the 
prior policy of connecting foundation drains to the sanitary sewers, except in areas 
where storm sewers are of sufficient depth and size to prevent back-ups. 
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Other areas experiencing similar problems have preferred to increase the sewer design 
criteria from a 2 year to a 5 or even a 10 year rainfall intensify frequency. This 
conflicts with the present emphasis of reducing runoff, but even if it did not, many 
undeterminable factors in hydrology and hydraulics not yet fully understood will make 
it impossible for the designer to predict with any degree of accuracy what storm 
frequency the system will actually be able to handle before surcharging occurs and 
hydrostatic pressure is exerted on basements. Due to the variations in storm patterns 
and runoff conditions, a system designed for a certain frequency may, in some areas, 
be able to accommodate a storm of much higher intensity, and in other locations 
considerably less. With a different storm pattern the condition could be reversed. 
Furthermore, any obstructions of flow, either due to blocked or collapsed pipes or as a 
result of debris or ice at the outlet, will cause surcharging. If foundation drains are 
connected by gravity to storm sewers of less capacity, protection against flooding of 
basements cannot be obtained. Gravity connections to storm sewers are, therefore, not 
a practical solution. 

Another solution could be installation of sump pumps with discharge cither to the 
ground or to a storm sewer. This is technically a sound solution and has become 
accepted as common practice in many municipalities, but more so in the United States 
than in Canada. Although pumps arc extremely reliable and rarely break down, they 
do not function during times of power failure. Where such occurs during heavy 
rainfall, as occasionally happens during summer tiiunderstorms, flooding may occur. 
However, with the sump overflowing, hydrostatic pressure will be avoided and 
structural damage will not occur. Whereas the solution is technically sound, it can be 
argued that the problem of providing foundation drainage, at least in urbanized areas, 
should rest with the municipality and not with the individual homeowners. In spite of 
the relatively high reliability of sump pump installations, failure can cause expensive 
damage. However rare such may be, homeowners do not readily accept that it need 
happen at all, particularly in an age where engineering technology is advancing rapidly 
in other areas. 
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An alternative solution is a separate Foundation Drain Collector (FDC) being a pipe 
installed in the same trench as the sanitary sewer, but with connection to foundation 
drains only. The method has several advantages and, particularly for new areas to be 
developed, it may be the best solution. The installation of a foundation drain collector 
will: 

eliminate probability of hydrostatic pressure on basement when the storm 
sewers are surcharged; 

eliminate inflow into sanitary sewers JErom foundation drains- 
permit storm sewers to be designed for lower rainfall intensities since 
surcharging can be tolerated; 

reduce the length of storm sewers, since only catchbasins will be connected; 

permit shallow stram sewers, since connection to foundation drains is not 
required; 

permit positive design for both the minor and major storm drainage system. 

An FDC should oudet by gravity either to the surface or to a storm sewer, at a 
location where surcharge, even during a major storm event, wiU not cause back-up 
above any basement floors. Where the outlet is to a storm sewer, it should be at a 
location where the ground elevation is sufficiently below the lowest basement to allow 
for the headloss in the FDC between the lowest basement and the point of discharge. 
In such a case, it is also important that the storm sewer will have a provision for 
outletting to the surface during times of surcharge, either through reverse flow through 
inlets, or utilizing perforated manhole covers. 
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Having reviewed the various possibilities, it may be appropriate to reconsider the use 
of the sanitary sewer as an outiet for foundation drains. Unfortunately, this permits 
infiltration of clean water into the sanitary sewers, thus taking up capacity in sewers 
and treatment plants. This problem holds true for many existing areas. The degree of 
infiltration varies throughout any given area, but is usually related to rainfall. Although 
on an annual basis it is relatively low, the peak rate has been found to be several 
times the dry weather flow. However, the causes are known, and solutions to reduce 
the rate of inflltration are readily available. 

Firstly, footing elevations should never be set below the maximum water table level. 
Knowledge of the ground water table is essential, and one method to obtain this 
information is to install piezometers as far in advance of the detailed design as 
possible, widi frequent readings being recorded. Secondly, surface runoff, the only 
other source of inflow, should be prevented ftt>m entering the foundation drains. This 
can best be achieved by paying more attention to lot grading, to ensure that surface 
water is directed away from basement walls. 

Lot Grading 

Detailed storm drainage design should not be limited to roadways, but must include 
for all of the lands being serviced. In new developments with large lots, it may be 
sufficient to only prepare a general grading and lot drainage plan for builders to 
follow. As lots get smaller and houses larger, it becomes necessary to prepare detailed 
plans showing not only proposed grades and swales, but also location of window 
wells, splash pads, side entrances, retaining walls, etc., to ensure that drainage 
complies with the intent of the general lot grading plans. It is important to have the 
work inspected, not only at the time of completion, but also a final inspection should 
be carried out after the first year, to check that settlement of backfiU has not affected 
proper drainage. Particular attention must be given to ensure that the ground around 
the house and splash pads at downspouts slope away from the house, to prevent 
surface water from entering the foundation drains. 
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METHODS TO REDUCE STORM WATER RUNOFF 

In the interest of minimizing the adverse effects of increased storm water runoff due to 
urbanization, various techniques should be considered in the design. The following outlines 
some of the methods that have proven most effective. 

Surface Inflitration 

One method of reducing runoff is to make maximum use of the pervious surfaces in 
lawns, green belts and parklands. By discharging roof water onto lawns, a large 
percentage of the roof runoff may be absorbed by the soil. In such cases, the designer 
may use the same runoff factors for roofs as for sodded areas. This will generally 
mean a reduction in runoff for the roof area of up to 70 percent. To prevent the 
downspout discharge from reaching the foundation drains, it is very important that 
concrete splash pads be placed below the downspouts. This will prevent erosion and 
permit water to flow freely away from the foundation wall. 

The downspouts should, wherever practical, be placed in a location which will avoid 
problems during freezing temperatures, such as icing of driveways, and preferably 
where the runoff can reach grassed areas. This will also to some degree increase the 
time of concentration, resulting in further reduction in runoff. Additional infiltration 
and delay in runoff can often be achieved by means of contour grading of the site. 

Special "recharge basins" can also be included as pan of the drainage system in areas 
where the percolation rate is fair to high. They are similar to detention basins, but 
permit recharging of ground water while detaining only the excess runoff. 
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Porous Pavements 

Various types and shapes of precast concrete paving blocks with perforations have 
been in use in Europe for many years. During the second world war, perforated 
concrete paving stones were used for airpon runways, since they permitted extensive 
grass growth through the perforations, making the runways less noticeable from the 
air. Perforated paving blocks have also been used to provide hard surfaces for 
little-used fire routes within apartment complexes, since after a while they give an 
appearance more related to the surrounding park areas. The additional value as a "low 
runoff type of pavement soon became apparent to drainage engineers. Precast 
interlocking blocks, with or without perforations, and other porous materials such as 
clear cut stone, clay brick chips and cinders have successfully replaced impervious 
surfaces for use in parking areas, driveways, medians and boulevards. 

In recent years a porous type of asphalt pavement has been developed, basically by 
eliminating the fines from the aggregates. Apparently absence of the fine particles 
does not reduce the overall strength of the asphalt pavement significantly. 

Although die experience with this type of paving in frost areas is rather limited, no 
serious problems have been encountered, provided the soil is free-draining. Swelling 
type clay soils, however, are not suitable for this type of pavement. 

Sub-Surface Disposal 

Directing storm water into die ground close to the point of rainfall is an effective way 
of reducing the rate and volume of runoff. Such a practice is particularly suitable in 
areas of pervious soils. The rate of percolation varies with the type of soil; sand and 
gravel, weathered igneous rock, and fractured sedimentary rock have a very high 
percolation rate, and clay and silt have the lowest. In areas where impervious soils arc 
overlaying pervious soils, it may be practical to conduct the runoff to a lower strata 
through drilled vertical shafts. 
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The major advantages of using subsurface disposal of storm runoff are; 

Replenishment of ground water reserves especially where municipal water is 
dependent on ground water sources, or where overdraft of water is causing 
intrusion of sea water. 

An economic alternative of disposing of storm runoff without the use of 
pumping stations, extensive outlet piping or drainage channels. , 

An effective method reducing rate of nmoff. 

A beneficial way to treat storm water by allowing it to percolate through the 
soil. 

A percolation trench will usually consist of a perforated pipe surrounded by a filter 
material consisting of clear cut stone with a high void ratio. In order to prevent these 
voids being filled with fines from the surrounding soil, an interface material, such as a 
non-woven drainage filter cloth, may be required. To reduce the possibility of clogging 
the filter with solids carried by the runoff, filter bags made of filter cloth can be 
placed at inlets. 

Storm Water Retention 

Retention ponds, planned as an integral part of the storm drainage system, can be used 
as year-round recreational facilities for sailing, canoeing, fishing and ice skating. If a 
golf course is part of the development, retention basins can be used as water hazaixls. 
Trapped storm water might be reused for such purposes as lawn watering and 
irrigation. A retention basin will act as a treatment facility, removing sediments and 
reducing pollutants before discharging to streams and lakes. 
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Storm Water Detention 

Of the various concepts developed for the control of storm water, few have proven as 
valuable as properly designed detention facilities which provide storage of storm water 
runoff during limes when runoff exceeds the capacity of downstream facilities. 
Detention can be incorporated with retention by providing storage capability above the 
permanent water level. Other forms of detention can be very economically created 
within parks and green belts, tennis courts and parking areas ("dry ponds"). The most 
common fonns of detention arc rooftop storage, parking lot ponding and "blue-green" 
detention. 

Flat roofs are common for industrial, commercial, institutional and apartment 
buildings. Since these are designed for snow load, they will also accommodate an 
equivalent load of water without the need for any structural changes. A water depth 
of 150 mm is equivalent to a load of 152 kg/m^ which is less than most live load 
requirements. 

Special roof drains with controlled outlet capacity have been used for many years in 
order to save cost as a result of reduced pipe sizes. A further benefit is the reduction 
of the peak rate of runoff which can be reduced by up to 90 percent. 

Another very economical method of detaining peak runoff is to ctesign parking lots to 
pond when the rate of runoff reaches a pre-determined level. The areas to be ponded 
should be placed so pedestrians can reach their destinations without walking through 
the ponded water. Areas used for overflow parking or employee parking are well 
suited. The maximum depth of ponding would vary with local conditions, but should 
generally not be more than eight to ten inches to prevent damage to vehicles. 
Overflow arrangements must be made to prevent the water depth exceeding the 
pre-determined maximum. 
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An effective technique for providing storm water detention is to take advantage of the 
potential of storage in open channels or natural watercourses. Where roads cross such 
drainageways, the embankment can be utilized as a dam. The culvert through the 
embankment will be sized to accommodate only the frequent runoff events, with the 
balance being detained. In most cases, the top of the bank will be set at an elevation 
which will allow overtopping from a major storm event, without causing flooding to 
upstream properties. In such cases, it is important to provide erosion protection where 
flow velocities could become significant. It is also possible to install one or more 
additional culverts at varying elevations to fiirther regulate the flow or to prevent 
ovenopping, where such can not be tolerated. 

Flow Regulators 

Where foundation drains are connected to stonn (or combined) sewers, flow regulators 
placed in catchbasins can limit the rate of inflow to the capacity of the sewer, thus 
reducing the potential for basement flooding resulting from surcharging. 

This method was developed for retrofitting existing sewer systems in areas suffering 
basement flooding. However, for new drainage systems it is not as safe as the F.D.C. 
system and generally not as economical. 
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REDUCTION OF POLLUTION FROM STORM WATER RUNOFF 

Storm runoff from urban areas is a major cause of water pollution. Estimates made by the 
Federal Council on Environmental Quality show that the annual runoff from the streets of a 
medium-size city during rain storms contains 100,000 to 150,000 pounds of lead and 6,000 to 
30,000 pounds of mercury. This is in addition to the degradable calcium, sodium chlorides 
and organic solids which make up a major portion of urban pollutants. 

The concepts used for detention and reduction of storm water runoff not only regulate the 
amounts and rate of runoff of storm water, but also are an important factor in reducing 
pollution. Retenuon ponds, sedimentation basins, underground recharge systems and 
detention facilities all have treatment capabilities. Pollutants will be substantially reduced in 
runoff from roofs directed over grassed surfaces rather than being piped directly to a storm 
sewer, through its travel overland or through percolation into the soil. Perforated storm 
sewers with a properly designed filter material will permit initial runoff, which contains most 
of the pollutants, to be temporarily stored in the underground system for gradual percolation 
into the soil. The voids in the stone filter material will permit treatment of pollutants 
somewhat similar to the action of a septic tile bed. 

However, a higher level of runoff quality control may be necessary in some cases, particularly 
where runoff is being discharged to a stream identified as supporting cold water fisheries. In 
such cases, constructed wetiands can provide a high degree of treatment. As a means of 
avoiding discharging the runoff at temperatures too high for the fisheries, various forms of 
sub-surface dispersal can be applied in lieu of direct discharge. 
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DESIGN STANDARDS, POLICIES AND PROCEDURES 

It would be unreasonable to expect that one set of standards could be derived which in all 
instances would give the optimum solution in terms of level of service and cost. Factors such 
as land use and densities, topography, soil conditions and vegetation vary even within a given 
municipality. Where standards are selected they must not be so restrictive as to prevent 
technological advances; indeed, it is recommended all municipal engineering standards be 
prefaced with the following clause: 



"These standards shall not be considered as a rigid requirement where variation will 
achieve a better technical and/or economical solution. Indeed it is encouraged that 
consulting engineers continuously seek new and better solutions." 



It is suggested that each municipality adopt a policy on storm water management which will 
recognize the importance of protection against flooding, economies of construction, and 
protection of the environment. To achieve this, the following basic policies are 
recommended. 

A functional storm drainage report be undertaken prior to preparation of a draft plan. 
The functional report must consider the limitations and constraints external to the site, 
internal and external drainage patterns, and external traffic considerations which will 
influence street patterns - thus the "major drainage system". The engineer must work 
closely with the planner during the preparation of the draft plan so that street patterns 
are set to complement the drainage system where possible. The consulting engineer 
should also include in the functional report the methods he proposes to control storm 
water runoff quantity and quality. It should be evident that no draft plan of 
subdivision should be reviewed by a municipal planning department prior to receipt of 
the functional drainage report. When actual submissions of detailed engineering 
designs are made following draft approval, the functional drainage rcpon will have 
established the basic criteria to be followed, which should greaUy assist in expediting 
approval. 
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The detailed design must recognize the importance of directing roof water to grassed 
areas before it is allowed to enter a storm sewer. Only for sites with a high ratio of 
roof area to grassed area should roof connections be considered. 

The higher level of protection against basement flooding provided by a separate FJ>.C. 
system makes it the preferred choice, but where a suitable outlet for a F.D.C. cannot 
be provided, foundation drains may be connected to a sump pump or a storm sewer, 
provided the hydraulic grade line for a 1 in 100-year storm is below basement levels. 
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CONVEYANCE SYSTEMS 



INTRODUCTION 

Natural drainage systems have been modified to suit mans' purposes for thousands of years 
both directly and indirectly. Early channel works were conducted primarily for irrigation 
purposes and to run mills for grinding flour, etc. More significantly, agricultural practices 
modified the hydrologic cycle affecting the quantity and timing of runoff. This produces 
corresponding changes in channel configurations. 

With development of large population centres, natural drainage systems also served as a 
convenient disposal system for garbage and human wastes as well as stormwater runoff. In 
the past 200 years, pressure on water courses and watershed from increased industrialization, 
urbanization and transportation needs have dramatically increased the demand for channel 
engineering to take water to locations where it was needed and to remove or control 
stormwater runoff in areas where it was not. The creation of impervious surfaces greatly 
increased stormwater runoff in urban centres beyond the capacity of the 'natural' system to 
handle them. To contain flooding, natural channels required "improvement". Improved is 
used here only in the context of providing for an increased hydraulic capacity. This was 
usually done by a straightening, deepening and lining of the drainage network. Increasing 
landuse pressures and public health and safety in cities also lead to the provision of 
underground conduits or pipe systems to convey flows to the larger open channel systems. 
The primary focus of this work was in increasing the human convenience factors for localized 
areas and generally did not look at the wider implications of drainage works. In short, rivers 
and streams were treated as disposal systems for stormwater runoff. 
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This approach has, unfortunately, created a new set of problems for engineers. The increased 
intensity and speed of response of drainage systems designed in this fashion can overload 
natural outlets and existing downstream systems causing both flooding and erosion. These 
changes also lead to deterioration of water quality from non point pollution sources and 
degradation or destruction of aquatic habitats both for human use and as a part of the natural 
environment. This realization has lead us to a broader view of stormwater runoff issue and 
the current direction in stormwater conveyance systems which is to provide drainage networks 
with natural feature that will provide aquatic habitat and slow the watershed response to 
runoff events through the maintenance of floodplain storage and increased resistance to flood 
flows. While not yet widely practised in Ontario, natural channel design will become 
measuringly common in response to the public demand for a healthier, cleaner environment. 



GENERAL DESIGN CONSIDERATIONS 

Goals and Objectives 

When starting out on any drainage assignment, it is imponant to first establish a clear 
definition of the project goals and objectives. Sound drainage planning and design 
would typically include, but not be limited to, the following four points. 

Prevent loss of life and minimize property damage; 

Provide a reasonable level of drainage convenience to prevent surface ponding 

and flooding; 

Minimize downstream flooding and stream erosion; 

Minimize water quality impacts, impairment of aquatic life and habitat 
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Criteria and Guidelines 

A drainage project is typically subject to review by several approving agencies. 
Master Drainage Plans, for example, are currently reviewed by the local municipality, 
the Conservation Authority, the Ministry of Natural Resources and in some cases, the 
Ministry of the Environment and Ministry of Transportation of Ontario. Each of the 
agencies will have criteria, policies and guidelines, some of which may be conflicting 
and which will have to be reconciled in the design process. Table 5-1 shows a list of 
statute laws and legislation that may apply to a drainage project. The criteria review 
should also investigate the existence of previously conducted studies which may set 
requirements for the drainage project and confirm their status. 
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LEGISLATION AND POLICIES 

APPLYING TO 
OPEN CHANNEL DRAINAGE 



Fisheries Act - Fisheries and Oceans Canada; 

Canadian Environmental Protection Act - Environment Canada; 

Canadian Environmental Assessment Act - Environment Canada; 

Navigable Water Protection Act - Transport Canada; 

The Public Transportation and Highway Improvement Act - MTO; 

The Environmental Assessment Act - MOE; 

The Environmental Protection Act - MOE; 

Beds of Navigable Waters Act - MNR; 

Lakes and Rivers Improvements Act - MNR; 

Ontario Water Resources Act, MOE; 

Clean Water Act, MOE; 

Provincial Rood Plain Policy; Regulatory Flood - MNR and CAs: 

Conservation Authorities Act: Fill Construction and Alterations to Waterways 

Regulations - CAs; 

Drainage Act - OMAF, local municipality; 

Municipal Act - MMA local municipality; 

MTO Provincial Highways Directive; 

B-63. Drainage Act - MTO Policy and Procedures; 

B-IOO, MTO Design Flood Criteria: 

B-237,- MTO Drainage Management Policy and Practice. 

C-182, Review and Documentation of Hydrotechnical Designs; 



Table 5-1 Statute Laws and Legislation that may apply to a Drainage Project 
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Data Collection /Field Investigation 

As much as possible data should be collected from existing sources to avoid 
duplication of effon and conflicts. Some typical data requirements include the 
following. 

Planning Information 

Official/Secondary Plans 
Watershed Plans 
Land Use Plan 

Soils 

Stability Concepts 

Soil Types/Permeability 

Groundwater/Hydrogeology 

Watershed Data 

Drainage Areas 

Topographic Mapping 

Streamflow Data 

Precipitation and Climate 

Floodplain Limits/Mapping 

Stream Profile and Cross-Section (Hec-2 model) 

Environmental 

Fisheries 

Wetiands 

Environmentally Sensitive Areas (ESA) 

Area of Natural or Scientific Interest (ANSI) 
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Preliminary Hydrology and Hydraulics 

With all of this background information in hand, the designer is now in a position to 
conduct preliminary hydrological and hydraulic calculations. This will establish 
estimates of the required carrying capacity of conveyance systems and identify 
stormwater storage requirements for meeting quantity or quality criteria. 

Alternative Identification and Selection 

At this stage, approximate dimensions and treatments of open channel systems will be 
examined. The extent, sizing and outiet locations for pipe systems will also be 
reviewed. If stormwater management facilities are required, option for their locations 
and land area requirements will be identified. When several options exist, these will 
be evaluated along with preliminary cost estimates against the goals, objectives and 
criteria applicable to the project to select the option which provides the best fit. 

Detail Design 

Once the drainage system concepts are established, the final hydrologic and hydraulic 
calculations are completed. Drawings detailing the drainage system can then be 
prepared. 
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OPEN CHANNEL FLOW HYDRAULICS 

Open channel flow is the condition in which the stream is not completely enclosed by solid 
boundary and therefore has a free surface subjected only to atmospheric pressure. Open 
channel flow can be further broken down into two different classes termed steady and 
unsteady flow. In unsteady flow, (Figure 5-1) the flow velocity at a given point varies with 
time. This analysis is applicable to special flow situations but is generally not relevant for 
conveyance system design. Steady flow is a condition where the velocity at a given point is 
considered constant with time. Steady flow can be broken down further to non uniform or 
varied flows and uniform flow. Uniform flow is the case where the water cross-section and 
depth remain constant over a channel reach. Uniform flow will eventually establish itself in 
any channel which continues sufficiendy far with a constant slope, flow and cross-section. 
Thus in Figure-2, where the flow is accelerating (Section A-C), varied flow conditions exist. 
For Section C-D, the velocity becomes constant and unifonn flow exists. The depth in 
uniforra flow is commonly referred to as the normal depth y„. Calculation of varied flow 
requires consideration of the principal active forces which are inertia, friction and hydrostatic. 
This is done using what is commonly termed the standard step methodology and involves 
substantial calculation effon. In comparison, uniform flow can be dealt with relatively 
simply, therefore despite the fact that natural flow in channels is for the most part varied 
flow, most design procedures simplify flow conditions to unifonn flow. 

The best known and most widely used formulas are the Chezy and Manning formulas. The 
Chezy formula was probably the first uniform flow formula and was developed as early as 
1769 by the French Engineer, Antoine Chezy. The formula is derived mathematically from 
assumptions, the first being that the force resisting the flow is proportional to the square of 
the velocity. 
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Figure 5-1 Open Channel Flow 



ontN auNNU. 





Figure 5-2 Varied Flow 
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The second is that the gravity force causing flow must be equal to the total resistance these 
conditions are shown on Figure 5-3. The formula is usually expressed as follows. 

V = C* (R*S) ^ Vi 

Where V = mean velocity in mctrcs/scc 

R = hydraulic radius in metres (wetted area/wetted perimeter) 

S = slope (m/m) 

C = factor of flow resistance 

The formula was developed based on experimental data taken from an earthen canal on the 
Seine River. 

This Chezy Formula has been generally superseded by the Manning formula developed by the 
Irish Engineer, R. Mamiing in 1889. 

V = (R'\2/3*S'\l/2)/n 

The Manning formula is generally considered as a modification of the Chezy equation. By 
comparing them, it can be seen that: 

C = R'^l/6/n 

Where R = hydraulic radius in metres 

n = Manning or value 
C = factor of flow resistance 

This provides a generalized approach to calculating C, but owing to its simplicity of form and 
to the generally satisfactory results obtained in practical applications, the Manning formula 
has become the most widely used imifoira flow formula for open channel flow. 
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Figure 5-3 Derivation of Chezy Formula 
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In applying the Manning fonnula, the greatest difficuhy lies in the determination of the 
roughness coefficient n. This is currently done by the exercise of engineering judgment and 
the interpretation of tables giving typical n values for common conditions. The Manning n 
value is often thought of as a single value applicable for all occasions to a channel. In 
reality, the n value is highly variable and is dependent on a number of factors which include 
the following. 

surface roughness 

vegetation 

channel irregularity and alignment 

obstructions 

seasonal changes 

Additionally, it may be appropriate when conditions vary appreciably along the wetted 
perimeter to applying different n values for each section and compute an equivalent n value to 
be applied to the entire perimeter. A useful guide to selection of appropriate n values is 
provided in Table 5-12. 

Conditions of flow in a piped situation are most commonly in a circular conduit, although 
other shapes such as ellipses or rectangular are used. Flow relationships for the Manning's 
equation in a circular conduit are presented graphically in Figure 5-4. Curves presented 
include the relationship with the commonly assumed practice of constant n values and for the 
more realisdc variable n situation. 
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Table 5-2 Manning's Roughness Coefficients (n) 





Manning's Roughness 




CoefTicient | 


1 Sewers' 




A. Concrete pipe storm sewers 


0.011 -0.013 


B. Verified clay pipe 


0.012 - 0.014 


C. Steel pipe (smooth) 


0.009-0.011 


D. Monolithic concrete; 




1. Wood forms, rough 


0.015 - 0.017 


2. Wood forms, smooth 


0.012 - 0.014 


3. Steel forms 


0.012 - 0.013 


E. Cemented nibble masonry walls: 




1. Concrete floor and top 


0.017 - 0.022 


2. Natural floor 


0.019 - 0.025 


F. laminated treated wood 


0.015 - 0.017 


G. Smooth walled polyethylene pipe 




Corrugated interior polyethylene pipe (tentative) 


0.011 -0.013 




0.024 


H. Corrugated steel pipe or pipe arch 




68 X 13 mm corrugation (riveted, annular) 


0.024 


Unpaved 


0.021 


25% paved 


0.012 


100% paved 




68 X 13 mm helical 




Unpaved: 600 to 1525 mm <j> range: 


0.016 - 0.024 


1 25% paved: 600 to 1525 mm ^ range: 


0.015 - 0.021 


100% paved: all sizes 


0.012 


68 X 25 mm riveted (aimular) 




Unpaved 


0.027 


25% paved 


0.023 


100% paved 


0.012 


75 X 25 mm helical 




Unpaved: 900 to 1980 mm dia.: 


0.021 - 0.027 


25% paved: 900 to 1980 nun dia.; 


0.019 - 0.023 


100% paved: all sizes 


0.012 


152 X 51 mm corugation (annular) 




Unpaved: 1550 - 4500 mm dia. or 




1900 to 5050 mm span) 


0.033 - 0.030 


25% paved 


0.026+- 
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Table 5*2 Manning's Roughness Coefficients (n) 





Manning's Roughness 
CoefTicients 




n Relined Open Channels' 




A. Concreic, with surfaces as indicated: 






1. Fonned, no finish 


0.013 - 0.017 




2. Trowel finish 


0.012 - 0.014 




3. Float finish 


0.013 - 0.015 




4. Roat finish, some gravel on bottom 


0.015-0.017 




5. Gunite, good section 


0.016 - 0.019 




6. Gunite, wavy section 


0.018 - 0.022 




B. Concrete bottom Hoat-finished, sides as indicated: 






I. Dressed stone in mortar 


0.015 - 0.017 




2. Random stone in mortar 


0.017 - 0.020 




3. Cement rubble masonry 


0.020 - 0.030 




4. Dry rubble (rip-rap) 


0.020 - 0.030 




C. Gravel bottom sides as indicated: 






1. Formed cfflicrele 


0.017 - 0.020 




2. Random stone mortar 


0.020 - 0.023 




3. Dry rubble (rip-rap) 


0.023 - 0.033 




D. Asphalt 






1. Smoodi 


0.013 




2. Rough 


0.016 




E. Wood, planed, clean 


0.011-0.013 1 


F. 1. Good section 


0.017 - 0.020 




2. Irregular section 


0.022 - 0.027 




ni Unlined Open Channels* 




A. Earth, unifunii section: 






1. Clean, recently completed 


0.016 - 0.018 




2. Clean, after weathering 


0.018 - 0.020 




3. With short grass, few weeds 


0.022 - 0.027 




4. In gravelly, soil, uniform section, clean 


0.022 - 0.025 




B. Earth, fairly uniform section: 






1. No vegetation 


0.022 - 0.025 




2. Crass, some weeds 


0.030 - 0.035 




3. Dense weeds in deep charmels 


0.030 - 0.035 




4. Sides clean, gravel bottom 


0.025 - 0.030 




5. Sides clean, cobble bottom 


0.030 - 0.040 


=^= 
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Table 5-2 Manning's Roughness Coefficients (n) 



■t 


Manning's Roughness 
Coefficients 


C. Dragline excavated or dredged: 

1. No vegetation 

2. Light brush on banks 


0.028-0.033 
0.035 - 0.050 


D. Rock: 

1. Based on design section 

2. Based on actual mean section: 

a) Smooth and uniform 

b) Jagged and iiregular 


0.035 

0.035 - 0.040 

0.040 - 0.045 II 


E. Channels not maintained, vegetation uncut: 

1. Dense weeds, high as flow depth 

2. Clean bottom, brush on sides 

3. Clean bottcm brush on sides, high stage 

4. Dense brush, high stage 


0.08 - 0.12 
0.05 - 0.08 
0.07-0.11 
0.10 - 0.14 


IV Grassed Channels and Swales 




Depth of Flow: Up to 0.2 m O.2-0.5m 
Velocity 0.6m/s 1.8m/s 0.6m/s l.Sm/s 

A. Kentucky biuebrass: 

1. Mowed to 0.05 m 0.07-0.045 0.050-0.035 

2. Length 0.1 to 0.15 m 0.090-0.060 0.060-0.040 

B. Good siand, any grass: 

1. Length 0.30 m 0.180-0.090 0.120-0.070 

2. Length 0.60 m 0.300-0.190 0.200-0.100 

C. Fair stand, any grass: 

1. Length 0.30 m 0.140-0.080 0.100-0.060 

2. Length 0.60 m 0.250-0.130 0.170-0.090 




V Natural Watercourses^ 

A. Minor stream (surface width at flood stage < 30 m) 
1. Fairly regular section: 

a) Some grass and weeks, little or no iKush 

b) Dense growth of weeds, depth of flow 
materially greater than weed height 

c) Some wreds, light brush on banks 


0.030 - 0.035 
0.035 . 0.050 

0.035 - 0.050 
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Manning's Roughness 




Coefficients 


d) Some weeds, heavy brush on banks 


0.050 - 0.070 


1 e) Some weeds, dense willows on banks 


0.060 - 0.080 


1 For trees within channel with branches submerged at high 
stage, add 0.01 to 0.02 to above values. 






2. Irregular sectiffli with pools, slight channel meander. 


1 


channels (a) lo (e) above, add 0.01 to 0.02. 




3. Mountain streams, no vegetation in channel, banks usually 




Sleep, trees and brush along banks submerged at high stage: 




a) Bottom of gravel, cobbles, and few boulders 


0.040 - 0.050 


b) Bottom of cobbles with large boulders 


0.050 - 0.070 


B. Flood plains (adjacent to natural streams): 


■ 


1. Pasture, no brush: 




a) Short grass 


0.030 - 0.035 


b) High grass 


0.035 - 0.050 


2. Cultivated aitas: 




a) No crop 


0.030 - 0,040 


b) Mature row crops 


0.035 - 0.045 


c) Mature field crops 


0.040 - 0.050 


3. Heavy weeds, scattered 


0.050 - 0.070 


4. Light brush and trees: 




a) Winter 


0.050 - 0.060 


b) Summer 


0.060 - 0.080 


5. Medium to dense vegetation: 




a) Winter 


0.070-0.110 


b) Summer 


0.010 - 0.160 


6. Dense willows, summer, not bent over by current 


0.150 - 0.200 


7. Cleared land with tree stumps. 250-370 per hectare 




a) No sprouts 


0.040 - 0.050 


b) With heavy growth of sprouts 


0.060 - 0.080 


8. Heavy stand of timber, a few down tree.s, little 




undergrowth: 




a) Flood depth below branches 


0.100 - 0.120 
0.120 - 0.160 


b) Flood depth reaches branches (n increases with depth) 
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Figure 5-4 Flow/Velocity Relationships for a Circular Conduit 
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EROSION 

With the increasing pressure to maintain watercourses and their floodplain in a natural and 
stable condition, the evaluation of erosion impacts resulting from urban drainage are 
becoming a matter of greater concern in watershed management strategies. However, while 
the analyses of urbanization impacts of peak flows and watercourse flood levels is a relatively 
well understood and accepted technology, efforts to qualify and predict erosion impacts of 
urban runoff increases through the use of mathematical models have met with less success. 
Some recent literature in this field noted the shoncomings of several unavailable erodible-bed 
mathematical models. The deficiencies identified included an inadequate relationship between 
sediment and discharge capacity, inadequate fomiulation of the friction factor, poor 
representation of the mechanics of bed armouring, and a poor representation of the mechanics 
of bank erosion. From a planning viewpoint, most of the models are unsuitable since they 
require detailed knowledge of channel characteristics and flow and velocity regimes to make 
prediction that can be considered reliable. They are generally applied on a site specific basis 
to investigate specific sediment tianspon problems. 

While a specific modelling approach is not practical for watershed evaluations, some 
generalizations regarding erosion impacts can still be made. It is generally accepted that the 
stream channel geometry of a watercourse will adjust over a period of years to accommodate 
the prevailing runoff conditions of a watershed basin. Based on observations of bankfuU 
discharges, Leopold (1964) concluded that the 1.5 to 2 year flow was equivalent to the 
bankfuU conditions of many streams. The major factors influencing the establishment of this 
equilibrium are the quantity of runoff and sediment load provided by the drainage basin. This 
is where the concept of 2 year flow control from post development to prc-development levels 
originated as an erosion control measure. 
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It is also generally accepted in the literature that the process of urbanization in many cases 
disrupts the prevailing condition of equilibrium on a watershed by increasing runoff yields 
and reducing sediment loads. Work by several researchers found that urban channels were 
two to three times enlarged compared to natural channels. Hammer concluded that "...the 
influence on channel size increases as the length of time that the impervious development has 
been in existence...". His observations included that a channel enlarges around four years 
after the development of an impervious area; housing development at least four years old 
increased channel enlargement by 2.19 times and sewering also at least four years old 
increased channel enlargements by 5.95. Others found the enlargement of a channel to be 
dependent on a threshold- vjilue of development after which the channel enlargement 
progresses at a rapid pace. The rate of downstream enlargement increases after 25% of the 
basin is more than 5% impermeable. The rate of enlargement accelerates when 30-40% of 
the watershed is greater than 5% impermeable. 

While these observations are somewhat simplistic, some direct evidence of a watershed's 
ability to absorb a measure of development without significant impacts is found in the Rouge 
River Urban Drainage Plan Study. In an attempt to evaluate long term erosion impacts of 
development, this study conducted a historical comparison of aerial photographs taken in 1965 
and 1987 to establish channel widths and extent of erosion site changes on the watershed 
Over that period, the report concluded. 

"Overall there is littie evidence of major changes in the main erosion featiues 
in the lower pan of the Rouge River over the past 23 years. This reflects the 
fact that while there has been considerable development within parts of the 
Rouge River basin within that period, the proportion of the entire watershed 
subject to development remains low (approximately 17.7 percent). In the upper 
areas and on the smaller tributaries which are subject to proportionately more 
development, there is some evidence of more extensive channel modification. 
The extent appears consistent with that indicated in the literature. There also 
does not seem to be any clear differentiation between sites where runoff control 
was practised and those at where it was not." 
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Soil types of course play a big role in erosion when viewed in plan stream channels may be 
straight, meandering or braided. In general, it has been found that channels tend to be 
braided if the non cohesive bed load exceeds 11% of the total load. On the other hand, 
meandering can be expected in channels where the bed load material is less than 3% of the 
total load. Similarly, braided channels had silt/clay ratios of less than 5% while meandering 
channels had silt clay percentages of greater than 20%. Observations have also been made 
that raw banks common to meandering streams are not direct evidence of high rates of bank 
erosion. 

In summary, predicting the response of a channel to changes resulting from drainage basin 
disturbance is complex. Vanoni (1984) as quoted by Heede (1986) concluded that "..we still 
cannot predict with adequate certainty the velocity and sediment discharge in a channel for a 
given water discharge. Nor can we predict if the channel wiU be stable". 

Further research to establish a better understanding and predictive ability for this process is 
needed if engineers are to address the preservation of aquatic habitat in stream channels. The 
current approach to establishing the need for erosion protection and appropriate solutions is 
usually based on an evaluation of peak flow velocities from a design storm. This is then 
compared to a permissable velocity guide to determine a suitable erosion protection treatment 
An example of such a guide is provided on Figure 5-5. Typical channel lining materials are 
provided on Figure 5-6. 
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Figure 5-5 Permissible Velocity Guide 
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Figure 5-6 Channel Lining 
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NATURAL CHANNEL DESIGN 

Natural channel design attempts to create aquatic habitat to sustain fish and bethenic 
organisms while providing the flood capacity required for the drainage network. Providing a 
design that is aesthetically pleasing and both environmentally and engineering functional, will 
usually require a multi-disciplined team approach. Expertise in geomorphology, biology, 
hydraulics and landscape architecture should all be integrated into the final design. 
Geomorphology is probably the least familiar of these fields and has the greatest impact on 
open channel design characteristics and will therefore be expanded on further. 

Geomorphology is that branch of geology dealing with landforms and their origin. Flowing 
water is of course, one of the primary forces in shaping the land and considerable effort has 
been expended in this field to attempt to quantitatively assess watershed and drainage course 
characteristics. Relationships examined include the mean annual discharge to depth and width 
values of stream channels and between channel width and meander spacing. By evaluating 
these characteristics for existing natural channels, approximate dimensions for a plan layout of 
the design channel can be estimated. Just as important as variation in the plan view is 
variation in the stream profile. Natural watercourses do not have constant grades, most 
follow and riffle and pool pattern which provides varied aquatic habitat. These element of 
stream geometry are then combined to give a low flow channel design. This is typically 
insufficient to accommodate flood flows and is combined with a floodplain area which 
provides this additional capacity. Riparian plantings and landscaping in the floodplain area 
are then provided to complete the natural chaimel design. Figures 5-7 and 5-8 show features 
of natural channel design with some approximate equations for meander length and width. 
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Figure 5-7 Natural Channel Design 
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Figure 5-8 Natural Channel Design 



NATURAL CHANNEL DESIGN 




FIGURE 8 



Approximate Equations for Meander Length and Width 

Lme = 65 * Q 

Bme = 2.86 * Lmc (rivers with floodplains) 
Bme = 2.21 * Lme (incised rivers) 

Lme = the meander length, m 

Q = the dominant discharge, m3/s 

Bme 5= the meander breadth, m 
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EROSION AND SEDIMENT CONTROL 



The Lakes and Rivers Improvement Act and the Planning Act empower the Ministry of 
Natural Resources to review and approve construction projects. The Ministry of Natural 
Resources has also entered into an agreement with Fisheries and Oceans Canada to administer 
the Fisheries Act. Under Section 35 of this Act, "No person shall carry on any work or 
undenaking that results in the harmful alteration, disruption or destruction of fish habitat". 
Section 36 (3) states that "No person shall deposit or permit the deposit of a deleterious 
substance of any type in water frequented by fish". The Fisheries Act makes provision for 
significant fines and may be used to enforce water quality standards if the aquatic biota of a 
water body is adversely affected. 

Erosion on construction sites is normally associated with rainfall and runoff. The energy of 
raindrops dislodge soil particles which are then transported by stormwater runoff. In areas 
where flows are concentrated, serious erosion can result unless exposed soils are protected by 
annouring or measures arc implemented to reduce velocities below erodible levels. Soil may 
also be transported in the form of mud adhering to construction vehicles leaving the site or by 
wind action during dry period. 

Projects in close proximity to watercourses have the potential of serious erosion. Shortly 
after rainfall events, flow velocities and water levels increase in streams. During infrequent 
events, the watercourse may even overflow its banks and occupy adjacent flood plain lands. 
Areas of exposed soils then become extremely vulnerable to erosion. The greatest potential 
for erosion is related to works within the banks of a watercourse. Disturbed soils which arc 
subject to a continuous flow of water are quickly transported downstream by the power of the 
streamflow. 
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The timing of construction also has a significant bearing on erosion potential. Construction 
sites which are not established before winter or projects which commence during the winter 
months, incur a very high potential for environmental damage. There are several factors that 
contribute to the high erosion potential for these projects including: 

Proper compaction of soils may not be possible affecting erosion resistance and 

slope stability, 

Vegetation cover can not be established to protect exposed soils; 

High streamflows, velocities and extended duration of flooding during the 

spring; 

Saturated soil conditions which may limit access by heavy equipment to 

undertake mitigate action. 

Other factors which influence erosion potential include soil type, area and duration of 
exposure, quantity of earth movement, slope length and gradient of the topography, extent of 
vegetation removal, and location of topsoil stockpiling. 

The objective of an erosion and sediment plan is to establish practical and reasonable 
measures which will minimize the environmental impacts on the receiving water body from 
silt laden surface runoff. Guidelines on Erosion and Sediment Control for Urban Construction 
Sites. Urban Drainage Implementation Committee (March 1983) provides general information 
useful to the techniques that are available. More detailed technical information useful to 
practitioners is provitted in Technical Guidelines - Erosion and Sediment Control . Ministry of 
Natural Resources (February 1989). 
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COMBINED SEWER OVERFLOWS 



INTRODUCTION 

Storm sewers have been used to convey stoimwater runoff in urban areas since the 
development of our older municipaliies. Storm sewers were designed and constructed to 
relieve street flooding by collecting and discharging stormwater runoff to the nearest receiving 
water body (stream or lake). On the other hand, sanitary wastes such as human fecal matter 
were disposed in large heaps or cesspools outside homes and buildings. This unsightly and 
odorous practise continued well into the nineteenth century when cholera epidemics prompted 
the disposal of sanitary wastes away from the densely populated urban centres. The discharge 
of these wastes to the existing storm sewer conduits became the accepted mode of disposal 
during the mid 1800's. These combined sewers now used to convey both stormwater runoff 
and sanitary waste, provided the municipalities with a convenient and inexpensive solution. 
This basically moved the problem from the streets to the local receiving water bodies. In 
most cases, however, the receiving waters did not have the assimilative capacity for the 
increased organic loads. 

Sewage treatment plants were later built to treat dry weather flows from the combined sewer 
systems. Large interceptors were also built to collect flows from the sewer networks and 
convey only dry weather flows to die plants. During wet weather or runoff conditions, 
combined sewage was released via hydraulic control structures in the sewer system (combined 
sewer overflows) and bypass controls at the sewage treatment plant to the nearest receiving 
water body. These design aspects were based largely on economic factors and the lack of 
knowledge with respect to the environmental impacts of these discharges at that time. 
Economically, it was cheaper to build smaller interceptors to handle dry weather flows. 
Much larger and therefore more expensive pipes were required to intercept peak flows during 
runoff conditions. In addition, it was less expensive to treat the smaller volumes of waste 
generated during dry weather conditions. Environmentally, wet weadier overflows were 
considered sufficiently dilute to have minimal or no impact on the receiving waters. 
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We now recognize that combined sewer overflows (CSOs) can seriously impact receiving 
waters and in many urban areas they can be a more significant source of pollutants than dry 
weather discharges from sewage treatment plants. In Ontario, combined sewers have not been 
installed since 1956, however, most older municipalities are at present having to deal with the 
hydraulic and environmental problems associated with these discharges. 

In the past, sewer separation was considered to be a suitable CSO control option in areas 
experiencing basement flooding. While sewer separation provides hydraulic relief to the 
system it may not provide adequate control of CSO discharges. In some cases, achievement 
of the necessary reductions in pollutant loadings may also require some form of stomiwatcr 
treatment (ie. suspended solids removal and/or disinfection). At present sewer separation 
alone is not considered adequate CSO control. Alteratively, appropriate pollution control 
strategies utilize a mix of capture and treatment strategies designed for the ircquent episodes 
of CSOs. 

Internationally, CSO control and treatment strategies have been evolving over the past two 
decades. The solutions are usually very expensive and complex. The problem is 
compounded by the variability associated with the various design criteria which include flow 
rates, nature of the pollutants discharged, pollutant concentrations during an event, receiving 
water conditions and effectiveness of treatment technologies. In Ontario, both the 
development and testing of appropriate technologies are still in their infancy. RecenUy, 
however. Environment Canada and the Ontario Ministry of the Environment have jointiy 
initiated several studies to assess the applicability and evaluate the performance of a number 
of technologies to control and treat CSOs. 
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CSO POLLUTANT CHARACTERIZATION 

In a combined sewer system, urban runoff is conveyed with sanitary, commercial and 
industrial waste in the same pipe. Figure 7-1 presents a schematic of a combined sewer 
system. CSOs are a significant source of many types of pollutants because of the different 
sources discharging to the system. Pollutants discharged in a CSO range from contaminants 
associated with the sanitary stream such as bacteria and nutrients from residential waste and 
industrial chemicals from industrial wastes to those associated with urban runoff including 
pesticides and vehicular exhaust emissions. CSO pollutant concentrations will be dependent 
on localized sanitary inputs from industries or commercial facilities and on the amount of 
stormwater runoff received within the system. 

The type of pollutants and variations in the discharge characteristics cause significant short 
and long term impacts on the local receiving waters. Figure 7-2 presents the time scale 
effects on the receiving water for various water quality parameters. The impact can range 
from a few days for floatables or bacteria which can impair the aesthetics and recreational 
uses, to decades for toxic pollutants such as pesticides and industrial chemicals which enter 
the food chain. 

Recently, several studies have characterized the contaminant composition of combined sewer 
overflows and stormwater (NURP 1986, Marsalek 1987, Paul Theil Assoc, ct al. 1992). In 
general, CSOs are found to contain much higher concentrations of nutrients, suspended solids 
and bacteria. Table 7-1 summarizes pollutant concentrations found in stormwater and CSO 
sites monitored as pan of the U.S. EPA sponsored Nationwide Urban Runoff Program 
(NURP). In comparison to storm water quality, the NURP study found CSOs contain 
significantiy higher concentrations for oxygen demanding substances, total suspended solids, 
nutrients such as total kjeldahl nitrogen and total phosphorus, and fecal coliform bacteria. 
Concentrations of heavy metals were, however, found to be similar for the two sources. 
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Figure 7-1 Schematic of a Combined Sewer System 
(Metcalf and Eddy, Inc., etal., 1971) 
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Figure 7-2 Time Scale Effects of Various Water Quality Parameters 

(EPA - 625/4-79^13) 
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TABLE 7-1 

COMPARISON OF STORMWATER AND CSO POLLUTANT CONCENTRATIONS 

U.S, EPA - NURP (1986) 



PARAMETER 




CSOs 


Stormwater 


Chemical Oxygen Demand 


(mg/L) 


132 


57-73 


Total Suspended Solids 


(mg/L) 


184 


67-101 


Total Kjeldahl Nitrogen 


(mg/L) 


6.5 


1.2-1.9 


Total Phosphorus 


(mg/L) 


2.4 


0.2-0.4 


Lead 


(mg/L) 


0.35 


0.006-0.46 


Copper 


(mg/L) 


0.102 


0.1 


Zinc 


(mg/L) 


0.348 


0.01-2.4 


Fecal Coliform Bacteria 


(#/dL) 


1,000,000 


21,000 



TABLE 7-2 
COMPARISON OF STORMWATER AND CSO POLLUTANT CONCENTRATIONS 

UGLCC - (Marsaiek and Ng, 1987) 



PARAMETER 



CSOs 


Stormwater 


2.4-15.7 


0.27-0.87 • 


0.4-26.0 


0.16-0.37 


0.001-0.008 


0.0007-0.010 


0.010-0.14 


0.009-0.087 


1.2-8.4 


0.16-11.4 


0.05-0.29 


0.000013-0.45 


0.005-0.044 


0.003-0.039 


0.24-1.64 


0.16-0.48 


0.0080-0.0255 


0.0025-0.019 


1.09-43 


0.15-257 



Ammonia 


(mg/L) 


Total Phosphorus 


(mg/L) 


Cadmium 


(mg/L) 


Copper 


(mg/L) 


Iron 


(mg/L) 


Lead 


(mgA-) 


Nickel 


(mg/L) 


Zinc 


(mg/L) 


Phenols 


(mg/L) 


Hexachlorobenzene 


(mg/L) 
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Similarly, in a study of urban runoff pollution in Windsor, Samia and Sauk Ste. Marie, 
Marsalek (1987) found generally higher contaminant concentrations in CSOs than in 
stormwater. Table 7-2 summarizes some of these results. Aside from copper and zinc, metal 
concentrations in CSOs were found to be similar or lower than in stormwater. Concentrations 
of industrial chemicals in CSOs were generally found to be lower than in stormwater. In 
many cases the stormwater concentrations of industrial chemicals were influenced by local 
industrial sources. 

While CSOs are recognized as significant sources of various pollutants, their impact in terms 
of bacterial contamination on the receiving waters has been the primary focus of abatement 
and CSO control activities within Ontario. Several Pollution Control Planning Studies (eg 
Cities of St. Catharines, Kingston, Hamilton and Windsor) have been initiated to address 
beach closures as a result of bacterial contamination and impairment of receiving water 
quality from CSO discharges. 

In addition, CSO discharges in seven of the 17 areas of concern in Ontario within the Great 
Lakes basin, have been identified as contributing to local environmental problems. In 
Toronto, for example, urban stormwater discharges from storm sewers and combined sewer 
overflows have been identified as the major cause of bacterial contamination of Metro 
Toronto beaches and significant sources of heavy metals and toxic organic contaminants. A 
remedial action plan is currcnUy being developed to restore the area watercourses to their 
beneficial uses. Several options are being considered which address the control and/or 
treatment of combined sewer overflows. 



CONTROL STRATEGIES 

As mentioned previously, sewage treatment plants are generally designed to treat dry weather 
sanitary flows. During wet weather, the increased flows associated with stormwater runoff in 
the combined sewers are not completely intercepted at the sewage treatment plants. These 
storm related flows must be diverted for temporary storage or are released as overflows 
within the sewer system or by-passes at the plant without treatment. In many cases, CSO 
controls are utilized to prevent the interceptor sewer and treatment plant from flooding or to 
minimize the impact on the receiving water. 
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Regulators 

In Ontario, flow regulators are the most common type of CSO control strategy used. 
Various flow regulators have been used to either minimize the overflow volume or 
minimize the impact on downstream pipes, storage or treatment facilities. The 
regulators effectively control storage volumes and the duration and volume of 
overflow by using in-system (upstream) storage. Regulators commonly used include 
static flow controls and mechanical gates. Figure 7-3 presents a schematic of a 
combined sewer overflow regulator. 

Weirs are the most common type of flow regulators. They are usually positioned 
parallel to the flow on the side of the sewer pipe. The weir height is adjusted high 
enough such that dry weatiier flows arc intercepted and low enough to allow the 
discharge of excess wet weather flows. In some cases metal weirs are installed which 
can be positioned (mechanically or manually) to the desired level or concrete sills 
constructed to the desired depth. Alternatively, smaller diameter pipes are used as 
outlets or side discharges from the combined sewer. 

Mechanical regulators which operate semi-automatically are also available. The 
tilting-plate regulators are one of the most common types of mechanical regulators. In 
these devices, a plate is pivoted below its centre of gravity and its motion regulated by 
the difference in water level above and below the gate. During dry weather conditions 
the flow passes under the gate while the gate rests in the maximum open position. 
During wet weather conditions, the increase in water level puts pressure on the top of 
the plate, causing it to close to the minimum opening and restricting the flow. 
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Figure 7-3 Schematic of a Combined Sewer OverHow Regulator (WPCF, 1989). 
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In-line Storage 

Storage facilities are often installed in a system with the goal of reducing overflow 
frequencies and volumes. Similarly, in-line or in-system storage utilizes the systems 
internal capacity to detain or temporarily store the increase in combined sewage 
volume during a storm. This is often achieved through the use of hydraulic control 
structures which are either mechanically or electronically controlled. In the simplest 
systems, oversized pipes arc used to store the increase in combined sewage while in 
the more complex systems, hydraulic controls within the system are electronically 
regulated by microcomputers. The stored volume is released, at a controlled rate, to 
the interceptor once the interceptor conveyance and treatment capacity is available. 
In-line storage can be the least expensive CSO control strategy for systems which have 
storage available. 

Storage or Retention Facilities 

Storage facilities can be reservoirs or large tanks constructed to retain combined 
sewage during storm events. These facilities are designed such that dry weather flows 
are not intercepted and wet weather flows are retained by the facility. Inlet and oudet 
control structures are used to regulate flow through the facility. During wet weather 
conditions when the treatment capacity or conveyance capacity of the interceptor is 
exceeded, excess flows are routed to the storage facility. The facilities are usually 
designed with an overflow structure such that flows in excess of the storage capacity 
are released. The stored volume is released, at a controlled rate, to the interceptor 
once capacity is available in the interceptor and the treatment facility. 

These storage facilities can also be designed to act as setding tanks, providing some 
primary treatment in the form of solids settling. Box sewers are often designed as 
storage facilities, with sufficient slope such that the facilities are essentially 
self-cleaning. Solids are carried out with the higher velocities when the box is 
dewatered. 
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One storage facility has recently been installed in the City of Toronto to reduce the 
impact of CSOs to the Eastern Beaches. This 2.250 cubic metre tank constructed in 
1990, intercepts 5 outlets discharging to Lake Ontario. A second tank, 16,000 cubic 
metres in capacity is planned for the area with construction commencing in 1992. At 
present, the Main Metropolitan Toronto Treatment Plant receives effluent from the 
tank for full treatment once flows in the interceptor and the plant have subsided. 

Real-Time Control 

Real-time control consists of a series of electronically operated hydraulic control 
structures and flow metering devices in a combined sewer network, connected to a 
computer system. The computer continuously monitors flow within the system and 
regulates the hydraulic controls to make maximum use of the systems storage abilities 
and/or regulating the amount and location of overflow within the system. The data 
collected by die flow monitors is fed back to the computer where information is 
presented regarding existing capacities and the futmt; status of the entire system. 
Decisions are made, usually by the computer, which optimize the operation of the 
system. The computer decides when and how the flow regulators arc operated. 
Operators on duty supervise the operation and can take over manual control when 
necessary. 

In San Francisco, most of the system is operated using real-time control. RecenUy, a 
few municipalities in Ontario have presented proposals for funding of real-time control 
installations for their respective systems. 

TREATMENT STRATEGIES 

Conventional treatment processes cannot be easily employed for the treatment of CSO 
wastewater. Treatment strategics must be designed to accommodate hydraulic and pollutant 
concentration characteristics which are highly variable during a given event. The design and 
application of these strategies are limited by site specific conditions which include land 
availability, system hydraulics and receiving water conditions. Treatment strategies 
considered for CSO wastewater include screening, sedimentation, physical treatment 
biological treatment, chemical treatment and disinfection. 
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Screening 

Screening can provide a high degree of solids removal from the waste stream. 
Screening units are designed to remove material larger than the design particle size. 
Screening processes are susceptible to clogging, tearing and mechanical problems 
which make the operation of the units costly. The units can be used effectively as 
preircatment units in a treatment facility where the operation and maintenance is more 
practical. 

Sedimentation 

Sedimentation provides gravitational settling of suspended solids from the waste 
stream in large tanks. These sedimentation devices have an added advantage since 
they provide storage capacity and can operate under varied flow conditions. The 
sedimentation process allows for the addition of chemicals to enhance sedimentation 
and provide a point for disinfection prior to discharge. Previous studies have shown 
these devices to reduce biochemical oxygen demand (BOD) and suspended solids by 
30 and 50 percent respectively. 

Biological Treatment 

Cost effective treatment of CSO wastewater can be provided at existing wastewater 
treatment facilities. Biological treatment can be provided at some of these facilities. 
In this process, nonsettleable and dissolved organic material is removed from the 
waste stream by biologically converting it into energy and cell tissue which can be 
removed by gravitational settiing. Biological treatment processes can remove between 
70 and 95 percent of the BOD and suspended solids. 

Operational problems arise when treating intermittent and dilute CSO flows during 
event conditions. Washout of the system's biomass can occur under these conditions, 
effectively destroying the system's operation. Ideally, storage facilities are required to 
control the influent and maintain a uniform flow rate to the treatment system. 
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The Ministry of the Environment and Environment Canada have recently initiated a 
study (Enviromega, 1992) to investigate the feasibility of increasing the capacity of 
existing secondary treatment facilities by making operational changes to the process 
stream during event or peak flow conditions. This process change, called Step Feed, 
reduces the suspended solids loading to the secondary clarifiers and allows an 
increased hydraulic load to be treated at the plant. Preliminary results at the Hamilton 
Wentwonh Woodward Water Pollution Control Plant arc encouraging and show that 
the plant's treatment capacity was significantly increased during pjeriods of wet 
weather. Bypassing during wet weather periods was significantly reduced, and there 
was no significant deterioration in plant effluent quality. It is estimated that this wet 
weather operating strategy will reduce the secondary bypass by an order of magnitude 
for a typical year. 

Disinfection 

Disinfection can be used as an independent treatment unit or with any of the above 
mentioned treatment processes. Disinfection is used to reduce the concentration of 
pathogens in the waste stream prior to discharge to the receiving water. Disinfection 
can remove close to lOO percent of the total coliforms. In the past chlorination was 
the primary method of disinfection. Concerns over chlorine toxicity in the receiving 
water and operational considerations have prompted pilot testing of various ultra-violet 
disinfection technologies. High solids content with large particulates are characteristic 
of the CSO waste stream which present challenges to the efficient operation of these 
systems. While disinfection alleviates some of the public health concerns especially 
for discharges close to beach areas, it does not improve general water quality with 
respect to other pollutants or reduce the aesthetic impacts of CSOs. 
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Vortex Separators 

Vortex separators are solids separating devices with no moving pans (Figure 7-4). 
During increased flows, the CSO waste stream fills the unit inducing a swirl-like 
current. Secondary currents separate the settleable grit and floatable waste. These 
devices arc effective at removing heavy organic and inorganic material; such as sand, 
gravel, debris and metallic particles from the waste stream. The separated material is 
usually transferred to a treatment facility while the remaining fluid (supernatant), now 
cleaner, can be stored for further treatment or discharged to the receiving water. The 
units are designed to operate under high flow conditions. 

The performance of these units increases with the grittiness of the particles in the 
waste stream and decreases with increasing flow rates. Particles of equal or larger 
size than sand are removed completely, while smaller particles are passed through. 
The pollutant removal efficiency of these units is, therefore, highly variable. Recent 
studies have been inconclusive in estimating the operational efficiency of these units. 
However, estimates of 30-40% solids removal are considered reasonable. Maintenance 
requirements are minimal, but they do require occasional cleaning and flushing. 

Flow Balancing System 

A relatively recent innovation by Karl Dunkers, a Swedish research engineer, uses a 
wooden pontoon tank system within the lake as a means of containing CSOs. Figure 
7-5 presents a schematic of this system. The tank bottom is the lake bottom itself, and 
a series of polyvinyl chloride curtains form compartments within the large tank. Each 
compartment has an inlet and an oudet, usuaDy to another compartment. The tank 
remains fllled with either ctean lake water or CSO/stormwater at all times. The tank 
system installed at the outiet from a CSO can be designed to operate as a storage or 
treatment facility. During an overflow event, the effluent pushes the lake water out of 
the tank ftom one compartment to another. When effluent is not being received the 
system fills up with lake water which acts as a flow balancing medium. 
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Figure 7-4 Schematic of a Vortex Seperator (Pisano, 1990) 
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Figure 7-5 Flow Balancing System (Karl Dunkers; Stockholm, Sweden) 
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As a treatment facility, the tank is designed to provide optimum settling conditions 
with effluent from the tank discharged directly to the lake. As a storage facility, the 
CSO effluent is stored within the system and later pumped to the sanitary sewer for 
treatment at the nearest facility. 

Advantages of this system include the ease of installation and construction, ease of 
expandability of the units in the future, low maintenance costs and construction costs 
are a fraction of land based storage facilities without including real estate costs. 

At present three units have been installed in Sweden with one unit in operation for 
about 10 years, and one unit has recently been installed in New York City. In 
Ontario, the Qty of Scarborough has recently shown interest in installing this system 
to intercept CSO from one large CSO outfall along the Lake Ontario waterfront. A 
feasibility study has recently been conducted and conceptual designs have been 
presented. 

The applicability of these systems for operation in Ontario is promising for certain site 
specific conditions, ie. sheltered embayments. 



CASE STUDY SUMMARY - CITY OF ST. CATHARINES 

In 1986, the St. Catharines Area Pollution Control Planning Study was initiated by the City of 
St. Catharines with the Regional Municipality of the Niagara Region the City of Thorold and 
the Ministry of the Environment The study was initiated to develop a comprehensive plan 
for improving water quality in the local receiving waters. Specifically, elevated fecal 
coliform bacteria levels from CSOs and stormwater discharges have resulted in chronic 
violation of Provincial Water Quality Objectives at area beaches. 

A summary of relevant background data for the study area is presented in Table 7-3. 
Interesting to note is that while CSOs contribute less than 0.3 percent of the total flow 
volume to the area receiving waters, CSOs contribute 43 percent of the bacterial loading, 
while bypasses from the two sewage treatment plants contribute an additional 42 percent. 
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After three yeare of monitoring, computer modelling, involvement by municipal, regional and 
provincial representatives and at a cost of approximately $1.0 million, a comprehensive plan 
to abate the impact from CSO and related wet weather inputs was presented. The plan 
includes options firom industrial discharge control to stormwater and CSO control. 

Combined sewer overflow controls considered include: 

separation of roof leaders, road drainage & footing drains 

filtration reduction 

minor hydraulic improvement 

relief sewers 

pumping station and forcemain upgrading 

storage (combination of oversized pipes, tunnels and tanks) 

Table 7-4 presents a summary of costs associated with CSO control options considered The 
preferred option which provides control of CSOs to just one overflow per summer season 
(98% volumetric control) was estimated to be $91 million. By comparison, control to 4 
overflows per summer season (90% volumetric control) was estimated at $52 million while 
complete sewer separation (86% volumetric control) was estimated at $273 million. 

While sewer separation provides hydrauhc relief on the combined sewer system, it does not 
reduce water quality impairment to the degree of the other two options. By comparison, a 
reduction in fecal coliform loadings of about 93% is estimated with the option to provide 
control to one overflow per summer season and a reduction of only 75% is expected through 
sewer separation. While implementation of the full plan at about $100 million is expected to 
be phased over a 20 year period, the more immediate 5 year plan is expected to cost about 
$11 million. 
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TABLE 7-3 
BACKGROUND SUMMARY OF ST. CATHARINES AREA 



Population: 



140,000 



Receiving Water Bodies Impacted: 



Area Serviced: 
Separated 
Combined 
Total 



Lake Ontario (4 beaches) 
Twelve Mile Crk. (recreational use) 
Welland Ship Canal 



85 sq. km 
21 SQ. km 
106 sq. km 



Number of CSOs/STP By-Passes: 

Major 

Total 

Sewage Treatment Plant Bypasses 
Frequency of Overflow/Summer Season: 



30 

91 

2 

15 (upto) 



Volume of Overflow: 



Row to Lake Ontario Waterfront: 

Wet weather (CSOs & storm) 0.3 % 

Dry weather 2 % 

Welland Ship Canal DWF 17 % 

Twelve Mile Creek DWF 81 % 

(DWF = dry weather flow) 



640,000 cubic metres 

(approx. 40% of wet weather flow) 



Fecal Coliform Bacteria Loadings to the 

Lake Ontario Waterfront: 

Combined sewer overflows 
Sewage treatment plant bypasses 



43% 
42% 



7-19 



Wet weather runoff (stonn) 9 % 
Dry weather sources 6 % 
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Table 7-4 Performance end cost of CSO conlrol alternatives for the St. Catharines Ares PCP 
(CH2M Hill, 1989). 



MAJOR SCHEMES 


PERFORMANCE 


CAPITAL 
COST 
$(1369) 


Number of Overflows 
per Average Summer 


Volumetric 
Performance 

for an Average 
Summer 


Fecal Coliform Loadings 
per Average Summer 


Maximum 


Average 


Media 


Overflow 

Volume 

(m') 


Percent 
Control 


New 

Storm 
Loadings 
(org/ 
summer) 


CSO 

Loadings 

(org/ 

summer) 


Loading 
Reduction 


1. Existing Conditions 
"Do-Nothing* Alternative 


IS 


95 


10 


639.275 


61% 


0,OE+00 


2,6E+16 


0% 


$0M 


2. Full Sub-basin Control Program 
AH Selected Controls Induded 


15 


8 


8 


489,182 


75% 


9,3E+09 


2.0E4.16 


23% 


«™ 


3. Full Sub-basin Control Program 
Major Works (1 1 OFs«ummer) 


11 


64 


7 


383,265 


78% 


9,3E+09 


1,6E+16 


40% 


$58M 


4. Full Sub-basin Control Program 
Major Wofte (4 OFs/Summer) 


4 


30 


4 


184.630 


92% 


9.3E+09 


7.6E+15 


71% 


$82M 


5. Partial Sub-basin Control Prg. 
No New Sotrni Sewer Construct 


15 


8.8 


10 


571,135 


67% 


O.OE+00 


2,3E+16 


11% 


$15M 


6. Partial Sub-basin ControJ Prg. 
Major Works (11 OFs/Summer) 


11 


7.7 


8 


483.590 


73% 


O.OE+00 


2.0e+16 


24% 


$26M 


7. Partial Sub-basin Conlrol Prg, 
Major Works (4 OFs/Summer) 


4 


3,3 


4 


236.786 


90% 


0,0E+OO 


9.7E+15 


63% 


$52M 


B. Partial Sub-basin Control Prg. 
Major works (1 OF/Summer) 


1 


1.0 


1 


44,224 


98% 


O.OE+00 


1,8E+15 


93% 


$91M 


9. Separation of Entire Study Area 
Roof, Road & Foundation 
Disconnection 


15 


4.0 


2 


162,922 


86% 


2.4E+10 

1' 


6.7E+15 


75% 


$273M 


10. Separation ot Entire Study Area 
Roof & Road Disconnection 


15 


43 


2 


179,188 


85% 


2.4e+10 


7.3E+15 


72% 


$239M 


1 1 Separation of Entire Study Area 

Roof Discoonectkjn Only 
1 1 


15 


9,4 


10 


577,590 


63% 


OOE+00 


2.4E+16 


10% 


.„ 
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SANITARY SEWER DESIGN & MAINTENANCE 



Availability of sanitary sewers and their continued functioning are a key service necessary to 
maintain our industrial and concentrated urban society. This lecture will help you learn how to 
determine the required capacity of these sewers and provide some hints on how to design the 
total system so that it will function up to expectation now and 50 years into the future. One note 
of caution, you will not be an expert designer at the end of the course. It will be necessary to 
do more study and combine it with old fashioned experience both at the desk and out in the field 



CALCULATION OF ESTIMATED FLOWS 

Drainage Areas 

These areas are usually determined by the planners. As a designer you will need the 
property sizes and the drainage areas outside of your design area which are serviced 
through it 

Land Use 

Again the planners arc your source. Planning figures are used for number of people per 
unit (P.P.U.) and number of units. A designer must decide whether to use proposed 
development or ultimate development to determine flows. 

Peaking Factor 

The flow through most sewer systems is not a constant. It is affected by time of day and 
day of the week. A pipe system must carry the peak flows unless storage is provided for 
the difference. 
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Formula 

Peaking Factor = 1 + ( 14 ) 

(4 + P ^'^) 

Where P = Population in lOOO's 

Inflltration 

Time and the uses made of the system will deteriorate the system that you design 
therefore infiltration will occur and must be accommodated. 

Formula 

Infiltration = 0.23 IVS/ha 



Variation in Methodology 

This lecture is concentrating on one particular method for calculating the size of pipes 
required to service a given property. There are others. As the designer becomes more 
experienced, other methodologies should be examined and the most appropriate method 
used in each case. If you work for a consultant it will be necessary to know the methods 
used in each municipality. 



Effect of the Current Trend to User Pay 

Many public and private agencies are advocating a user pay system for the funding of 
sanitary sewer systems. This trend will reduce the consumption of water and therefore 
reduce total flows in the sanitary sewer system. Will this trend affect the peak flow? 



8-2 



'^t-:-- :r'^' 



■*: T- 



SIZING OF PIPES 



Materials 



In today's market, there are a multitude of pipe materials available for the designer. Each 
has its own characteristics and the most suitable type should be chosen for each situation. 

TABLE 8-1 

PIPE MATERUL RATING 

(ONE OPINION) 





P.V.C. 


C.M.P. 


FACTORS 


PLASTIC 


METAL 


Rexible 


Flexible 


Flexible 


Rigid 






Initial 


4 


4 


Cost (Total) 






Ease of 


4 


3 


Installadon 






Dependence 


2 


2 


On Field Labour 






Resistance 


4 


2 


To Chemicals 







CLAY 



CONCRETE 



Rigid 



3(2) 



Longevity 



Rating 



1 Worst Case 
5 Best Case 
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Roughness Coefficient 

Pipes of different materials have different roughness co-efficients when manufactured but 
in the ground the sewage flowing through the pipe gradually coats that pipe. Usually the 
municipality tells you which co-efficients to use but the designer will have to choose 
between the manufacturers suggested co-efficient and the generally accepted co-efficient 
for a pipe in use coated with sewage (0.013). 



Slope 

Manning's formula 

V = 1.486 X R ^ X S "= aMPERIAL) 
n 



V= R"^ X S '^ Metric 
n 



This formula will give the designer the velocity of the flow for a given roughness co- 
efficient» wetted perimeter, cross sectional area and slope. By multiplying the velocity 
by the cross sectional area, the volume of flow is determined. 

If you look at the formula, it would suggest that you can increase the capacity of a given 
pipe without limit, simply by increasing the slope. In the real world where the pipe is 
but one part of the system, this is not the case, 

A full discussion of diis factor is beyond the scope of this chapter, but the designer 
should be aware of this situation. Some municipalities limit the slope of the pipe to less 
than 1% to avoid complications. 
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Minimum/Maximum Velocities 

If sewage were clear water, any velocities could be used in the design of a sanitary sewer, 
but we all know this is not the case. The designer must be aware that at low velocities 
the particles suspended in the sewage will be deposited in the pipe reducing its capacity. 
At high velocities, these same particles can erode the pipes as thousands of silt particles 
hit the walls. Common guideline values for these flow limitations are: 

Minimum Velocity 2.5 f.p.s. (0.76 m/sec.) 
Maximum Velocity 15.0 f.p.s. (4.5 m/sec.) 



OTHER CONSIDERATIONS 

Manhole Hydraulics 

The first part of the chapter dealt with sizing the pipes to cany the anticipated flow. Now 
these pipes must be connected. Without proper consideration of how the flow is routed 
through manholes, the system capacity could be far less than you anticipated. An 
example of a manhole hydraulics calculation. It must be emphasized that this is only one 
way of taking into account what happens to the flow as it goes through the manhole. To 
be a competent designer it will be necessary to read the more detailed explanations in the 
references. 

Effect of Benching - CCIW Study 

A study was carried out at the former Canada Centre for Inland Waters (CCIW) in 
Burlington to determine the effect of benching on the capacity of a sewer system. Figure 
8-1 presents a graph indicating the results of that study. Although Uiis study was 
performed on straight through manholes, the best case scenario for hydraulics, the results 
indicate that up to a 10% increase in capacity is possible if benching is installed in a 
manhole where no benching now exists thus benching is a major factor in system 
capacity. 
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Benching Shape 

A second study was carried out by the CCIW to determine the relative energy losses for 
different shapes of manhole benching. Two pages from this study are presented in Figure 
8-2 and Table 8-2, The reader can see how significant proper flow blending is to the 
proper function of the sewer system. 



Effect of Connections on Flow 

Flow in sewers has many characteristics in common with traffic flow. Just as traffic 
designers build access ramps instead of right angled intersections to speed up flow, the 
CCIW studies show how smooth transitions will increase flow. The same is true of sewer 
connections. Each connection should be installed such that it produces the least resistance 
to the flow in the main pipe such as joining in at a 45" angle where possible and 
practical. 
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Figure 8-2 Bench Moulding Types (CCIW, Burlington) 
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Table 8-2 Relative Energy Results (CCIW, Burlington, Ontario) 













MOULDS 




1 




Pressurized Flow 


Open Channel Flow 




Ml 


MIA 


M2 


M3 


M4 


M5 


Ml 


M2 


M3 


M4 


M5 


Standaixl 

Square 

Manhole 


Large Pipe 


1.73 


— 


1,47 


0.89 


0.97 


0.52 


1.08 


0.58 


0.27 


0.68 


0.34 


Small Pipe 


1.48 


L41 


1.67 


1.27 


,„ 


... 


— 


— 


— 




— 


Standard 

Round 

Manhole 


Large Pipe 


1.78 


— 


1.3- 
1.7 


1.00 


L02 


0.56 


0.97 


0.46 


— 


— 




Small Pipe 


L81 


— 


1.71 


1.11 


— 


— 


— 


— 


— 


— 


— 


Smali 

Square 

Manhole 

(Scalling 

Tests) 


Small Pipe 


1.63 




1.32 


0.99 

















Data not fitted through the origin. 
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Table 8-3 Sewer Rehabilitation Techniques 



1 TECHNIQUES 


ADVANTAGES 


DISADVANTAGES 


Dig up and Replace 


Immediate Response Time 
Hydraulic Improvements 
Quality Control 


Cost 

Traffic Disruption 

Row Interruption 


Chemical Grouting 


Cost 

Minimum Disruption 
Low Flows Tolerated 
No Excavation 
Spot Repair 


Quality control 

Operator Skills 1 
Circular Section only for 
Small Diameters 


Stainless Steel Sleeves 


Cost . 

Minimum Disruption 
No Excavation 
Spot Repair 


Catch on Sewer Auger 
Flush out of Position 
Circular Section Only 


Resin Injected Systems 


Cost 

Minimum Disruption 
No Excavation 
Spot Repair 


Quality Control 
Operator Skills 
Circular Section only for 
Small Diameters 
Flow Interruption 
FiUs Small Voids Only 


Insitu Foiiii 


Complete Reline 

Cost 

No Excavation 

Uniformity 


Flow Interruption 
Laterals Reconnected 
High Cost for Setup on 
Small Jobs I 


Plastic Liner U Liner 


Cost 

No Excavation 

Uniformity 

Complete Reline 


Laterals Reconnected Flow 
Interruption | 
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MAINTENANCE OF SANITARY SEWERS 

The purpose of maintenance activities is to ensure that the users of the sewer system are able to 
use the full capabilities of the sewer system provided to them. Without proper maintenance 
debris build up and deterioration will significantiy reduce the capacity of the sewer system. 



REHABILITATION 

Rehabilitation is die work required to rectify deterioration in the sewer system. Table 8-3 lists 
various rehabilitation techniques and their advantages and disadvantages. 



WORKSHOP PROBLEMS 

1. Calculate the anticipated flows in the following pipe sections from the subdivision plan 
in figure 8-3. 

Manhole 95 A to Manhole 94 A 

Manhole 84A to Manhole 94A 

Manhole 92A to Manhole 91 A 

Manhole 72A to Manhole 91 A 

Manhole 90A to Manhole 89A 

tiien choose the appropriate pipe sizes and slopes to accommodate these flows using 
Tables 8-4 and 8-5. 
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2. Calculate the required drops in manhole 91 A in Problem # 1. 
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Table 8-4 Discharge and Velocity for Circular Pipes 



ISOmm^to 525 mm dia., concrete or vitrified clay manning, formula (metric units) 



■•i 



Scarborough Works Dept., 1978 
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Table 8-5 Discharge and Velocity for 600 mm to 1200 mm Circular Concrete Kpe 






Manning Formula (metric units) 
Scarborough Works Dept., 1978 
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0.5363J 2.0971. 


0.7329 2.2666 


0.9719 


2.ii359 


1,2500 


2.59Q1. 


1.5757 2.71.50 


1.9567 


2.8995 


2.3692 


3.051-1 


3.1.039 


3.3337 


0.70 




D.72 


Q.Si.l.aJ2.127l. 


0.71.35 


2,2991 


0.9858 


2.1.708 


1,2679 


2.6276 


1.5983 Z. 761.3 


1.981.7 


2.91.11 


2-11231. 


3.0978 


3.1.527 


3.3815 


D.72 




0.71. 


0.5510 2.1550 


0.7531 


2.3269 


0.9986 


2.SD28 


1,281.3 


2.6616 


1.6X90 


2.8201. 


2.0101. 


2.9792 


2.1.51.8 


3.1380 


3.1.975 


3.U253 


0.7* 




0.76Ja.55a7j:.ia5i 


0.7636 


2.3611. 


1.0125 


Z.5377 


1,3023 


2.6967 


1.61.16 


2.8598 


2.0365 


3.0208 


2.1.891 


3.1818 


3.51.63 


3.*7J1 


0.76 




Q.76 


0.5657 


2,2126 


0.7732 


2.3912 


1.0253 


2.5696 


1.3187 


2.7328 


1.6523 


2.8956 


2.061.2 


3.0589 


2.5205 


3.2Z19 


3.5910 


3.5169 


0.78 




D.ao 


0.572a 


2.21.02 


0.7029 


2. 1.210 


1.0381 


2.6018 


1.3351 


2.7668 


1.6830 


2.9319 


2.0899 


3.0970 


Z.5519 


3.2620 


3. 6357 


3.5607 


0.80 




o.ez 


0.5805 


2.2703 


0.7931. 


2.1.535 


1.0520 


2.6367 


1.3530 


2.801.0 


1.7056 


2.9713 


2.1180 


3.1385 


Z.5861 


3,3056 


3.58*5 


3.6085 


0.82 




' 0,81. 


Q.5875 


2.2978 


0.6030 


2.1.833 


1.061.6 


2.6687 


1.3695 


2.8380 


1.7263 


3.0073 


2.11.37 


3.1766 


2.6175 


3,31.50 


3.7293 


3.6523 


0.8* 




Q.as 


Q.5939 


2.3229 


0.8116 


2.5103 


1.0761. 


2.6976 


1.38*.<. 


2.8690 


1.71.51 


3.01.01 


2.1671 


3.Z113 


Z. 61.61 


3.3821. 


3.7599 


3,6922 


0.66 




o.aa 


0.6010 


2.3501. 


0.6211. 


2,51.01 


1.0892 


2,7298 


l.uooa 


2.9030 


1.7658 


3.Q7GZ 


2.1928 


3.21.91. 


2.6775 


3.1.226 


3.611.7 


3.7360 


0.66 




0.90 


0.6080 


2.3780 


0.8310 


2.5699 


1.1019 


2.7618 


1.1.172 


2.9371 


1.7865 


3.1123 


2.2185 


3.2875 


2.7089 


3.1.627 


3.8591. 


3.7796 


0.90 




0.92 


0.61'.'. 


2.1.031 


0.8398 


2.5970 


1.1135 


2.7909 


1.U3Z2 


2.9680 


1.8051. 


3.11.51 


2,21.19 


3.3221 


2.7371. 


3.1.99Z 


3.9001 


3.8196 


0.92 




□ .91. 


0.6215 


2.1.306 


O.8I.91. 


2.6268 


1.1263 


2.6229 


1.1. '•86 


3.0020 


1.8261 


3.1811 


2.2676 


3 . 3602 


2.7588 


3.5393 


3.91.1.8 


3.663* 


0.91. 


taf 


o.9e 


0.6279 


2.1.557 


Q.asaz 


2.6539 


1.1379 


2.8520 


1. 1.635 


3.0330 


1. 61. 1.9 


3.2139 


2.2910 


3.391.9 


2,7971. 


3.5756 


3. 9855 


3.9033 


0.96 


1 


0.96 


0.631.3 


2.1.807 


0.8669 


2.6810 


1.11.95 


2.6812 


1.1.765 


3.0639 


1.8537 


3.21.67 


2,311.3 


3.1.295 


2.8259 


3.5123 


1..0261. 


3.9*31 


0.98 


m 


1.00 


0. 61.07 


2.5058 


0.8757 


2 . 7O60 


1.1611 


2.9103 


1.1.931. 


3.091.9 


1.8626 i 3.2795 


2,3377 


3.1.61.2 


2.851.5 


3.61.88 


1..D668 


3.9829 


1.00 


J 


1.10 


0.6721 


2.6266 


0.9186 


2.61.07 


1.2180 


3. 0529 


1.5666 


3.21.65 


1.971.6 


3.1.1.02 


2,1.523 


3.6339 


2.991.3 


3.8276 


I..2661 


*.i7ei 


1.10 


u 


l.ZD 


0.7016 


2.7U3g 


0.9589 


2.9653 


1.2715 


3.1BG7 


1.6353 


3.3889 


2.051<> 


3.5911 


2.5596 


3.7933 


3.1256 


3.9951. U. 1.531 


*.3613 


1.2C 


■ 


1.3Q 


Q.7301. 


2 . 8566 


0.9983 


3.0872 


1.3237 


3.3177 


1.7035 


3.5282 


2.11.51 


3.7367 


2.6650 


3.91.92 


3.251.1 


t..l536Ju.6362 


*.5*05 


1.30 




1.<.0 


D.7579 


2.961.1. 


1.0359 


3.2036 


1.3736 


3.1.1.28 


1.7667 


3.6613 


2.2271 


3.8797 


2.7655 


i..09ei 


3,3768 


<..31G5 


i..aiio 


*.7iia 


l.*0 


w 


1.50 


0.761.9 


3.0696 


1.0727 


3.3173 


1.1. 2 21. 


3.5651 


1.8291. 


3.7912 


2.3061 


i..017t. 


2.6637 


i-.zi-ie 


3,1.967 


'..'.698 


u.gaia 


*.B791 


1.50 


3 
«« 


l.&O 


0.8105 


3.1696 


1.1077 


3.1.257 


i.ugae 


3,6815 


1.6892 


3.9150 


2.3811. 


b. 11.86 


2.9572 


•..3622 


3.6109 


1..6157 


5.11.1.5 


5.038* 


1.6C 




1.60 


0.6598 


3.3626 


1.1752 


3.631.2 


1.5583 


3-9056 


2-001.2 


I..1S33 


2. 5261. 


1..1.011 


3.1372 


U. 61.89 


3.6307 


t..a967 


5.1.576 


5.3*51 


1.80 




2.00 


0.9059 


3.51.32 


1.2382 


3.6292 


1.61.19 


'.,1151 


2-1117 


1..3762 


2.6619 


I..6373 


3.3055 


i..a9a3 


1..0362 


5.159U 


5.75D5 


5.6318 


2.00 




2.50 


1.0129 


3.9617 


1,361.5 


1..2611. 


1.8358 


•.,6011 


2.3611 


i..a930 


2.9763 


5.161.9 


3.6959 


5.1.769 


1..51Z9 


5.7686 


6.1.295 


6.2970 


2.50 




3.00 


1.1Q97 


1.. 31.01 


1.5167 


•..6903 


2.0111 


5,01.06 


2.5866 


5.3601. 


















3.00 




3.50 


1.1987 


•.,6661. 


1.6361. 


5;0667 


























3.50 



8-15 



HYDRAULIC CALCULATIONS - METRIC 
For Junction and Transition Manholes 



Location Manhole No. 14 
At: GLENTHORNE DRIVE 



Designed by: F. SHEPLEY 

Date: October 6. 1992 

Checked by: P. BRADLEY 

Date: November 3. 1992 



Pipe No. 1 Q, fuB = 0.7338. Qi act = 0J446. Q, •cl/fuU x 100 = 74.2* of fuU ducharge. 

Front S-389 read coitetpanding depth of Qow = 64% 

Therefore V, la = V, ftill jt 109/100 = 1,6134 x 109/100 = 1.7586 m/iec 

H, = Pipe diuDder % ft dqHh of flow + (V, »a)'/2g 

i 0.730 xM+ (1.7586V19.6 = 0.6378 metres. 



Pipe 
No. 


Dim. 
mzn 


Gndeft 


Eip. Flow 


S-394 Series 




2 


450 


C^ucityQ. 


Velocily VoA 


Vf»u = VniM 
1.14 


750 




1 


750 


0.40 


0.5446 


0.7338 


1.893 


1.6134 




600 


' 
















3 


450 


0.40 


0.1628 


0.1866 


1.3003 


1.1406 




4 


600 


0.40 


0.3008 


0.4049 


1J837 


1.3892 









Pipe No. 2 



Pipe No. 3 



Q, fuB 



, Q, »« = , Qi ici/fuU 1 100 = % of full dischaige. 



Fiotn S-389 lead coiresponding depth of flow = ft 
Therefore V, la = V, fiill X /lOO = i /I00 = 

H, = Pipe diameter x ft depth of flow + {V, act)'/2g 

= x + /19.6 = tneuei. 



m/iec 



Q.full 



, Q, aa « , Q, act/full 1 100 = 73 ft of fuU discharge. 



From S-389 read conetpondiiiK depth of flow = ft 

Therefore V, a« = V, fuU x 1 13/100 = 1.1406 x 1 13/100 = 1.2889 m/iec 

H, = Pipe diameter x ft dep«h of flow + (V, acl)'/2g 

= 0.450 z. 73+ (1.28S9V19.6 = a4133 metrei. 
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Pipe No, 4 Q, full = 0.4040. Q, ta = 0.3009, Q, •cl/fiill x 100 = 74.3% of full di«cb«»e. 

Frcm S-389 read conespcDding depth of flow = 64 % 

Therefore V, la = V, hiU x 109/100 = I J892 x 109/100 = 1.5142 m/iec 

H, = Pipe diameler x % depth of flow + (V, ict)'/2g 

s 0.600 xM+ (1 J142yi9.6 = 0.5010 metici. 

Head Loit h. = K (Vn-V,') for pipei 1 and 2 

Selea M = 0.1 for increasing velodly K = 0.2 for decreaaing velocity 
For pipei 1 and 2 h, = ( - ) = 



For pipe* 1 and 3 h, = 0.1 (ai578 - 0.0848) = 0.0073 
for pipes 1 and 4 h. = 0.1 (ai578 - O.I 170) = O.OOtl 

Therefore pipei 1 and 2 tj = (H, - Hj) + h. 

hj = - + - = m drop 

For pipei 1 and 3 hj = 0.637g - 0,4133 + O.00f73 = a23318 m drap 
For pipei 1 md 4 h, = 0.6378 - aSOlO + 0.0041 = ai409 m drop 

Summary Take maximum condilian of the above three caiei ai the governing factor which meu the required nutximiun drop ifarough 

the manhole. 

• for S-389 K* Figure 8-4. 
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Figure 8-4 Values of Hydraulic Elements of Circular Section for Various Depth 
of Flow, s-389 (Scarborough Works Dept., 1978) 
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HYDRAULIC ELEMENTS 
PER CENT OF VALUE FOR FULL PIPE { Approx.) 



EXAMPLE' 

oiveNi 



CO 70 <0 90 100 no 120 130 



DOCMARGE • 0-34 m»/«c. THROUGH A PIPE WHICH 
MAS A CAPACITY OF 0*42 mV»«c, AT A VELOCITY 
OF 2-10 m/ite. FUOWING FUUL. 



FINDi VELOCITY AT A DISCHARGE OF 0-34m/iec. 
SOLUTION' SINCE PERCENTAGE OF FULL DISCHARGE IS 

0O4/0-4Z « 0-80 OR eo % 

EMTER THE CHART AT 80% OF FULL VALUE 
OP TO DISCHARGE CURVE, ACROSS TO VELOCITY 
CURVE 8 DOWN TO CORRESPONDING RATIO. 
V = UZ'it. X 2-1 « 2-3S m, I I 

«B. — ri — 

OlUCWtKMW IN mm exCEPT AS WOTEtt. ^ 



mviiiom 
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STORM SEWER DESIGN 



INTRODUCTION 

Stormwater runoff is the portion of precipitation that flows over the ground surface during 
and immediately after a storm. The purpose of any storm drainage system is to convey this 
runoff to acceptable discharge locations and thus prevent, or at least minimize, inconvenience 
and damage which this runoff otherwise could cause. Unlike sanitary sewage, stormwater 
quantities very greatly, depending on the severity of the storm. It becomes uneconomical to 
design all storm systems for the worst possible case. Thus we rely on the theory of 
probability to tell us the degree of risk of a particular system design. 

Two drainage systems are usually considered by the designer: 

Minor System 

This is the convenience system and it is designed to accommodate all of the 
runoff from frequently occurring storms and thus minimizes frequent 
inconvenience (e.g. - road drainage systems). 

Major System 

This is designed to accommodate runoff from more severe, infrequent 
storms in order to prevent damage to propeny and buildings (but allows some 
inconvenience such as surface water on roads, etc.). 

This chapter concentrates on the design of the minor system. Drainage systems 
comprise various components including; 

natural overland flow 

inlets (catchbasins, headwalls, etc.) 

underground conduits (pipes, culverts) 

above-ground drainage conveyors (swales, creeks, rivers) 
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MASTER PLANNING 

Drainage Areas 

The tributary drainage areas are obtained from topographic mapping. For rural areas, 
MNR is often the best source. They usually have 1:10000 scale mapping available. 
Other sources include the local or regional municipality. For external or tributary 
drainage areas 1:2000 or 1:5000 is often preferable. Natural/existing drainage areas 
seldom coincide with the political boundaries. It is vital to design storm sewers to 
include all areas naturally tributary to the system. Political boundaries may however, 
preclude the design of the system including runoff coefficients applicable to developed 
land, i.e.., all natxural tributary areas may not be within the Official Plan. As a 
minimum all downstream sewers should be designed to include upstream pre- 
development runoff. Often for smaller sites, detailed site visits are required as well as 
a detailed topographic survey to confirm precise drainage directions. These surveys 
are often completed at a 1:500 scale. 

Land Use 

The Land Use included within the storm drainage area is important as it will affect the 
runoff coefficient used in the downstream storm sewer design. Existing land use is the 
easiest to define. A runoff coefficient pertaining to the existing land use should be 
utilized. The definition of "runoff coefficient" is provided later, however, as the 
imperviousness of the developed land surface increases, then the runoff coefficient will 
increase. Proposed land uses are generally pre-determined by planning criteria. Sewer 
master planning should consider the ultimate land use pattern for the design period in 
the design of trunk facilities. Artificial drainage diversions are sometimes made, but 
arc not common, so that the designer must usually consider the natural watershed and 
the ultimate land use in the watershed. Areas that have aheady developed (with a 
particular runoff coefficient) may be redeveloped in the future. Often such 
redevelopment involves intensification and hence a higher runoff coefficient It is 
usually difficult to predict redevelopment scenarios. As a consequence on-site 
stoimwater controls may be required to limit the new storm flows to the old design 
flows. 
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Master Drainage Plan 

A master drainage plan for storm sewer servicing includes overland flow routes, trunk 
storm sewer routes with preliminary sizes, outfall locations, and stormwater 
quantity/quality locations. A plan of this nature is usually incorporated into a detailed 
MDP for a watershed, or sub- watershed. In urban areas, the currentiy accepted level 
of service includes a storm sewer system with curbside catchbasins. The rainfall event 
that the sewer is designed for can vary, but often the 5-year event is used. In rural 
areas, ditch drainage with driveway culverts are acceptable. The environmental issues 
associated with storm sewer design are being addressed in other parts of this manual. 
Generally, they entail water quality and quantity controls. The quality controls arc 
now becoming more prevalent. 



Storm Drainage 

Rational Method 

The most common mathematical model used in calculating storm drainage 
flows in the Rational Method. This formula combines many of the factors 
affecting runoff into a simple formula; Q = KCIA 

where Q = peak quantity of stormwater runoff 

K = constant to conven units 

C = runoff co-efficient 

I = average rainfall intensity 

A = watershed area 



The following section discusses each of tiiese components in more detail. The 
Rational Method, because of its rather gross approximations, becomes limited 
in use as the size, and hence the complexity of the drainage basin increases. 
Other computer models more suitable for this task arc discussed elsewhere in 
the course. 
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Rtinofr Co-efficient (C) 

The runoff co-efficient (C) is a dimensionless parameter which indicates the 
proportion of the rainfall which forms runoff (i.e., does not soak into the 
ground). Runoff coefficients can be assigned to each land surface (paved, 
grass, bare earth) or to each general land use (residential, commercial, 
industrial, open space). The general land use co-efficients arc composite values 
determined from the average proportion of pervious and impervious areas. 
Table 9-1 presents the co-efficient ranges recommended by the Ministry of the 
Environment. 





Table 9-1 




Asphalt, concrete, roof areas 


0,90 - 1.00 


Residential: 


Grassed areas, parkland 


0.15 - 0.35 


Single Family 0.40 - 0.45 


Commercial 


0.75 - 0.85 


Semi Detached 0.45 - 0.60 


Industrial 


0.65 - 0.75 


Townhouses 0.50 - 0.70 
Apartments 0.60 - 0.75 
Instimtional 0.40 -0.75 



Additional factors which should be considered when assigning runoff 
co-efficients include: 

design stoim frequency; 
antecetknt conditions; and, 
frozen ground. 
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Rainfall Intensity 

The rainfall intensity (I) is the most complex of the factors in the Rational 
Method, because the detenninaiion of the value of "T" involves several 
components. Rainfall Intensity - Duration - Frequency Curves are a plot of the 
peak rainfall rates for various diuntions and for various return periods (Figure 
9-1). They are based on recorded rainfall data which is transformed into these 
curves using statistics and probability. They can also be expressed as empirical 
formulae such as the YameU curves: 

I = 2464 for the 5 year return period, and 
t+16 

I = 3886 for the 25 year return period. 
t+18 

where: I = average intensity in mm/hr. 

t = time of concentration in minutes- 



Storm Frequency or Return Period 

This can be defined as the average interval, in years, between the occurrence of 
a rainfall of a given magnitude and an equal or greater rainfall. For example, a 
5 -year rainfall amount on the average is equalled or exceeded once in 5 years. 
Also, the probability that a 5-year storm will occur in any one year is 1/5 or 
0.20. However, this 5-year frequency does not mean that an occurrence in any 
particular 5-year period is a certainty (in fm;t, the probability is 0.67). It is 
usual to use the following return periods: 

local convenience system - 2, 5, 10 years 

major road culverts - 25 years 

large watershed (over 1/2 sq. mi.) and major systems - 100 year or 

Regional Storm. 
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Figure 9-1 Rainfall Intensity - Duration Frequency Curves 

Toronto Bloor St., Station, Town of Vaugli Engineering Standard 
Marshall Macklin Monaghan Ltd., 1978 
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Time of Concentration 

This can be defined as the time required for the ninoff to become established 
and flow from the most remote point (in time) in the drainage area to the point 
under design. The time of concentration comprises flow times overland, in 
swales and ditches, and in pipes. Flow times in swales, ditches and pipes can 
be calculated using Manning's equation. Flow time overland (prior to entering 
a drainage system) is called "inlet time" and various approximations have been 
developed (e.g., nomograph used by M.T.O.). Also, some municipalities utilize 
a preferred formula or graph when calculating the overland flow time. Figure 
9-2 shows the overland flow time used by the City of Vaughan. 

Inlet times commonly used for urban design vary from 5 to 15 minutes. Where 
two drainage systems (sewers) meet, the larger time of concentration is used to 
calculate the resultant downstream flow. 

Storm water runoff quantities vary greatly and depend upon many factors, 
including: 

severity of storm (rainfall amount) 

size of the watershed 

topography of die watershed 

land use and vegetation 

soil type and saturation condition 

position of the reference point in the water shed 

The first step in designing any storm drainage system is to determine the 
quantity of rainfall to be considered. The remainder of the design attempts to 
relate the quantity of stormwater, at a particular point, to a rainfall event in the 
watershed. It is in the latter pan of the design where the effect of the 
watershed characteristics are simulated mathematically to calculate the runoff 
using the Rational Method. 
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OVERLAND TRAVEL DISTANCE IN METRES 
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OVERLAND TRAVEL TIME IN MINUTES 
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Drainage Areas 

A "drainage area plan" breaks the watershed into sub-areas which contribute to each 
section of the drainage system. It should include the runoff co-efficient for each 
sub-area and the area. 



Slopes and Velocities 

The capacity of a sewer is a function of the roughness co-efficient (how smooth is the 
inside surface), the grade or slope of the sewer and the diameter of the sewer. 

Discharge - velocity tables have been prepared, based on Manning's equation for 
sewers of varying roughness co-efficient, grade and diameter. By trial and error, the 
most appropriate storm sewer diameter for a particular flow and slope can be 
determined. Minimum velocities in storm sewers of 0.75 m /s are sought to promote 
self-cleansing. Also, slopes of less than 0.30% are difficult to construct without 
creating localized low points. Maximum velocities of 5.0 m3/s are recommended to 
minimize the impact of scouring. Table 9-2 shows the discharge and velocity tables 
for circular pipes with a roughness co-efficient of 0.013 (concrete). 

Figure 9-3 shows a typical storm sewer design sheet. The example given is from the 
City of Vaughan, but the content is common to all storm sewer designs. 

Manhole Spacing and Sizes 

Manholes provide access for maintenance purposes and are located at all changes in 
vertical and horizontal alignment. The maximum length between manholes is typically 
110 m. This can be increased for large diameter storm sewers. 

The size of a manhole is determined by the size of the incoming and outgoing sewers. 
Generally, precast manholes are utilized, but in some cases, poured-in-place manholes 
are required. Figure 9-4 shows the maximum pipe sizes recommended in precast 
manholes by the Ontario Concrete Pipe Association. 
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Figure 9-3 Typical Storm Sewer Design Sheet (Town of Vaughn) 
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Material 

Stonn sewen are generally made from cither concrete, corrugated steel or plastic. The 
plastic sewers or culvens arc ribbed for additional strength, while concrete "sewers 
gain additional strength with reinforcing and additional wall thickness. Concrcte storm 
sewers are generally used, however, plastic sewers are becoming more prevalent for 
smaller diameters. 

Bedding 

Much empirical and theoretical work has been completed on the issue of bedding and 
backfill. This issue is important as it has a direct impact on the strength or class of 
sewer to be designed. 

Radious Pipe 

For larger diameter storm sewers, usually greater than 675 mm diameter, it is worth 
consideration of radius pipe instead of straight sewer sections and multiple manholes 
when gradual changes in horizontal alignment are required. The radius pipe is actually 
straight sections of sewer with a bevelled end. 

Precast Tees and Wyes 

For large diameter storm sewers (1200 mm diameter and greater) precast tees are often 
used for manhole access. This avoids the need for large poured manholes. The tees 
are already precast at the pipe manufacturing plant. Pre-fabricated wye connections in 
large diameter storm sewers are also beneficial for connecting a smaller diameter 
sewer to the main line sewer. The wye connections also reduce the need for large 
manholes. 
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Figure 9-4 Maximum Pipe Sizes for Precast Mantioles 
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Figure 9-5 Curved Alignment of Sewer with Concrete Radius Pipe 
(Waterloo Concrete Products Ltd.) 
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N = 0.013 
Discharge in Libres/Sec, Velocity in meters/sec. Diameter in mm 



GRADE. 

0.20 
. 25 
0.30 
0.^5 
0. 1*0 
0.42 
0.1*'* 
0.4& 
0.48 



152. 



.50 
,52 
54 
.56 
.58 
.60 
.62 
.64 
.66 
.53 
.70 
.72 
.7t, 



0.76 
0.7S 



iO 
32 
84 
96 
di 
90 



0.92 
0.94 
0.96 
0.9 3 
1.00 
1.10 
1.20 
1.30 
1.40 
1,50 
1.60 
1.70 
1.90 
1.90 
2.00 
2.20 
2.40 
2,60 
2.60 
3. CO 
3.20 
3.40 



7,1 
7.9 
6.7 
9.4 
10.0 
10.3 
10.5 
10.6 
11.0 
11.2 
11.5 
11.7 
11-9 
12.1 
12.3 
12.5 
12.7 
12.9 
13.1 
13.3 
13.5 
13-7 
13-9 
14.0 
14,2 
14.4 
14.6 
14.7 
14.9 
15.1 
15.2 
15.4 
15.6 
15.7 
15,9 
16.7 
17.4 
13,1 

ia.8 

19.5 
20,1 
20.7 
21.3 
21.9 
22,5 
23,6 
24.6 
25.6 
26.6 
27.5 
28.4 
29.3 



0, J9 
0.44 
0.48 
0.52 
0.55 
0.56 
0.53 
0-59 
0.60 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.69 
0.70 
0.71 
0.72 
0.73 
0. 74 
0.75 
0.76 
0.77 
0.73 
0.79 
0,90 

o.ai 

0.32 
0.93 
0.94 
0,iJ4 
0.85 
0.66 
0.37 
0.91 
0.95 
0.99 
1.03 
1.07 
I-IO 
1.14 
1.17 
1.20 
1.23 
1.29 
1.35 
1.40 
1.46 
1.51 
1.56 
1.61 



20 3. 


254- 


305- 


z 


Q 


V 


Q 


V 





V 


G3A0E 


15.3 


0.47 


2 7. 7 


0-55 


45. 1 


C.62 


0.20 


17.1 


0.53 


31.0 


0.61 


50.4 


0.69 


0.25 


13.7 


0.58 


34. 


0.67 


55. 3 


0.76 


0.50 


20.2 


0.62 


36-7 


0.72 


59.7 


0.82 


0.35 


21.6 


0.67 


39-2 


0.77 


63.3 


0-37 


0.40 


22.2 


0.68 


40.2 


0-79 


65.4 


0-90 


0.42 


22.7 


0.70 


41.2 


0. 91 


66. 9 


0.92 


0.4 i. 


23.2 


0.72 


42.1 


0.83 


63-4 


0-94 


0.46 


23.7 


0.73 


4 3.0 


0.35 


69.9 


0.96 


0.48 


24-2 


0.75 


43,9 


0.97 


71.3 


0. 93 


0.50 


24.7 


0.76 


44.7 


0.93 


72.3 


1,00 


0-5 2 


2 5-1 


0.78 


45.6 


0-90 


7i..l 


1.02 


0.54 


25.6 


0.79 


46, 4 


0-92 


75-5 


1.03 


0.5S 


26.1 


o.ao 


47.2 


0.93 


76.3 


1.05 


0.53 


26.5 


0.92 


48. 1 


0.95 


73.1 


1.07 


0.60 


26.9 


0.33 


43-9 


0. 96 


79.4 


1.09 


0.62 


27.4 


0.34 


49.6 


0.93 


30.7 


1. 11 


0.6 4 


27.3 


0.36 


50. 4 


0.99 


32-0 


1.12 


0.6 6 


23.2 


0.3 7 


51.2 


1.01 


83,2 


1, 14 


0.6 9 


23-6 


0.88 


51.9 


l.OZ 


34. 4 


1- 16 


0-70 


29.0 


0.90 


52. 6 


1.04 


95.6 


1-17 


0.72 


29.4 


0.91 


53.4 


1.05 


86.9 


1.19 


0.74 


29.9 


0.92 


54. 1 


1.07 


83.0 


1-21 


0.75 


30.2 


0.93 


54. 8 


l.OS 


89.1 


1,22 


0-78 


30.6 


0-94 


55.5 


I. 10 


90.2 


1.24 


0.30 


31.0 


0.96 


56,2 


l.ll 


91.*. 


1.25 


0.92 


31.4 


0.97 


56. 9 


1.12 


92.5 


1.27 


0.3 4 


31.7 


0.93 


57.5 


1. 14 


93.6 


1.23 


0.36 


32.1 


0,99 


59.2 


1. 15 


94.6 


1.30 


0.3 3 


32,5 


1.00 


58. 9 


1.16 


95.7 


1. 31 


0.90 


32,3 


1.01 


59,5 


1. 17 


96, 3 


1. 33 


0.92 


33.2 


1.02 


60.2 


1,19 


97.3 


1.34 


0,9 4 


33.5 


1.03 


60.8 


1.20 


99.3 


1. 35 


0.96 


33.9 


1.04 


61.4 


1.21 


9 9.9^ 


1.37 


0.9.4_ 


34.2 


1.06 


62,0 


1-22 


^100-9 


1-33 


Cl.O^ > 


35.9 


1.11 


65- 1 


1.23 


105.5 


1.45 


I. 10 


37.5 


1.16 


63.0 


1-34 


110.5 


1-51 


1.20 


39.0 


1.20 


70. 7 


1.40 


115.0 


1.53 


1- iC 


40.5 


1.25 


73.4 


1.45 


119.4 


1.64 


1.40 


41.9 


1.25 


76.0 


1.50 


123.6 


1.69 


1.50 


43.3 


1.33 


78. 5 


1-55 


127.6 


1.75 


1.60 


44. 6 


1.38 


30- 9 


1-60 


131-5 


1 . 90 


1.70 


4 5.9 


1.42 


83.2 


1.64 


135.*. 


1.36 


1.30 


47.2 


1.45 


35,5 


1.69 


139.1 


1.91 


1-9 


43.4 


1-49 


6 7. 7 


1.73 


142- 7 


1.96 


2.00 


50.9 


1,57 


92-0 


1. ^2 


149-6 


2-05 


2.20 


53.0 


1-6 3 


96- 1 


1.90 


156 . 3 


2. 14 


2.40 


55.2 


1.70 


100. 


1.97 


162. 7 


2.23 


2-60 


57.3 


1.77 


103. = 


2.05 


16:i-9 


2-31 


2. -SO 


59-3 


1.33 


137.5 


2.12 


174.7 


2.39 


3.00 


61.? 


1.39 


11 1.0 


2.19 


133.5 


2.47 


3.20 


63.1 


i.95 


114.4 


2,2b 


136.0 


2.55 


3.40 



kanvfi* ti - JQ St d«f3 



3.60 

i:?o 


I5:i 1:?5 


1^:? 


2,06 


nki 


?:i; 


\%l-J 


2.&< 


VM 


4.0 


51.6 1.74 


6 3.4 


2.1 1 


124.1 


2.45 


201-3 


2.TT 


4 . ■. ■: 


4.2 


32,6 1.79 


70.1 


2,16 


127. 1 


2.51 


206.9 


2.93 


4.20 


4. ^0 


33.3 1.33 


71. -1 


2.2 I 


13 0.1 


2-57 


211.6 


2. 90 


4.i. 


4.60 


3 4.1 1-37 


73.4 


2.26 


133. 1 


2.65 


216. «. 


2.97 


4,60 


4- 90 


5 4.3 1.9 1 


75.0 


2-5 1 


135. 5 


i.oi 


221-0 


I - 0"3 


4. a 3 


5.00 


55.5 1.95 


76,5 


2.36 


153.7 


2.7k 


225.6 


3. 09 


5. 


5.2 


36-2 1.99 


78.0 


2.41 


141.5 


2.79 


233. 1 


3.15 


5.20 


5.'.0 


56.9 Z.OH 


79.5 


2.45 


144. 2 


2.85 


234.4 


3.21 


5-'.0 


5-60 


37.6 2.06 


31-0 


2.5C 


146. ■• 


2.90 


253.7 


3.27 


5.o0 


5.30 


53.3 2.10 


82-4 


2.54 


149. <» 


2.95 


245-0 


3.33 


5.30 


6.00 


3 2.9 2 , 1 J 


33.9 


2.58 


152.0 


5.00 


247. 1 


3.39 


6.00 
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I 

GRAOE 



CI5CHARGE *^5^s)(^^ss^M/e^r5H5^.ke' "^""' ''- °-°^^ 

/fC- VELOCITY IN HETERS/SEC 

/« --\ 0IAMETE9 IN ^H , \ 

'^ 35 6.^ ^4 6.'' ^3 51. -^ 



O.ZO -/ 
C>2 5 

0. 35 

0. 40 

0.42 

0.44 

0-46 

0.43 

0,50 

0.52 

0-54 

0.56 

0.58 

0.60 

0.62 

0.64 

0.66 

0.66 

0.7 

0.72 

0.74 

0.76 

0.79 

0.9 

0. 92 

0.'34 . 

0. 36 

0. "IS 

0.90 

0.92 

0.94 

0.96 

o-g-i 

1.00 
1.10 
1-20 
1.30 
1-40 
1.50 
l.bO 
1.70 

i.ao 

1 .90 
2.00 
2-20 
2-40 
2.60 
2.80 
3.00 
3.20 
3.40 



■ 65.1 

76.1 

93.4 

90.0 

96.2 

93.6 

100.9 

10 3.2 

105.4 

107.6 

10 9.7 

HI. a 

113.9 
115.9 
117.9 
119.9 
121-7 
123.6 
125-5 
127.3 
129.1 
13 0.9 
132.7 
134.4 
1S6.1 
1 57.8 
139-5 
141, 1 
142.8 
144.4 
146.0 
147.5 
149.1 
150. 7 
152.2 
159.6 
16^-7 
173.5 
liO.l 
166.4 
192,5 
19-^.4 
204.2 
209.8 
215.2 
225-7 
235.8 
245.4 
254.6 
263.6 
272.2 
2*30.6 



0,S9 


97.2 


0.75 


0.77 


108.6 


0.34 


0.^4 


119.0 


0.92 


0.91 


128.5 


0.99 


0.97 


137.4 


1.06 


0.99 


140. "J 


1.09 


1-02 


144. I 


1.11 


1.04 


147.4 


1.14 


1.06 


150,5 


1.16 


1.03 


153.6 


1.18 


1-10 


15 6.7 


1.21 


1.13 


159.7 


1.23 


1-15 


162.6 


1.25 


1.17 


165.5 


1.22 


1.19 


163.3 


1.30 


1-21 


171.1 


1.32 


1.23 


173.5 


1.34 


1.24 


176.5 


1.36 


1.26 


179.2 


1.38 


1.2S 


181.3 


1 .40 


1. 30 


1B4.4 


1.42 


1.32 


186.9 


1.44 


1.34 


189.4 


1.46 


1.35 


191.9 


1.48 


1-37 


194.3 


1.50 


1.39 


196.7 


1.52 


1.40 


19 9.1 


1-54 


1.42 


201.5 


1.55 


1.44 


203.8 


1.57 


1.45 


206. 1 


1.59 


1.47 


208.4 


1.61 


1.49 


210.7 


1.62 


1,50 


212.9 


1.64 


1.52 


215.1 


1.66 


1.53 


217.3 


1.67 


1.61 


227.9 


1.76 


1.68 


238.0 


1.-33 


1.75 


247.7 


1.91 


1-31 


257.1 


1.9S 


l.dfl 


266.1 


2.05 


1.94 


274.8 


2.12 


2-00 


253.3 


2.18 


2.06 


291.5 


2.25 


2.11 


299.5 


2.31 


2.17 


307.3 


2.37 


2.27 


322.3 


2.4S 


2.37 


336.6 


2.59 


2.47 


550.3 


2.70 


2.56 


363.6 


2.30 


2.55 


376.3 


2.90 


2.74 


333.7 


3-OC 


2.33 


400.6 


3-09 



31.8 0. 72 
9 1.5 0. SO 
100-2 0- 36 
lOd.2 0.95 
115. 7 1.01 
lia.5 1-04 
121.3 l.Co 
124.1 1.09 
126.7 1.11 

129.3 1.13 
131.5 1.16 

134.4 1.1:3 

136.5 1-2C 
139. 3 1.22 
141.7 1.24 

144.0 1.2b 
146. 3 1.23 

143.6 1.30 
150. S 1. 32 
153-0 1.34 
155-2 1.36 
157-4 1.33 

159.5 1.40 
161. b 1.42 
16 J. 6 1.44 
165. 6 1.45 

167.6 1.47 
169.6 1.49 
171. 6 1.51 

173.5 1.52 
175.5' 1.54 

177.3 1.56 
17S-2 1.57 

181.1 1-59 
182. 9 1-50 
191. a 1. 6S 

200.4 1.76 

205.6 1.83 

216.4 1.90 
224.0 1.97 
231. 4 2.03 

233.5 2.09 
245.4 2-15 
252- 1 2.21 
258-7 2-27 

271. 3 2.33 

253.4 2.49 
294.9 2.59 
30 6. 1 2.6 5 
316, 9 2.78 
327. 2 2.87 
337.3 2.96 



^ 457./ 


I 





V 


GRADE 


133.0 


0. 31 


0.2 


141-7 


C.91 


0.25 


162.9 


C.99 


0. 30 


176,0 


1.07 


0.35 


133.1 


1. 15 


0.40 


192. 3 


1. 17 


0.42 


197.5 


1.20 


0.44 


201.7 


1.23 


0-46 


206- 1 


1.26 


0-4 3 


210.3 


1.28 


0.50 


214-5 


1.31 


0-52 


213.6 


1.33 


0,54 


222.6 


1. 36 


0.56 


226.5 


1. 33 


0.58 


2 30.4 


1.40 


0.60 


234.2 


1.43 


0.62 


235.0 


1.45 


0.64 


241.6 


1.47 


0.6 6 


245. 3 


1.49 


0,68 


243.9 


1.52 


0. 70 


252.4 


1.54 


0.72 


255-9 


1.56 


0-74 


259.3 


1.58 


0.76 


262.7 


1.60 


0.73 


256-0 


1.62 


0.30 


269. u 


1. 64 


0.32 


272-6 


1.66 


0.34 


275.3 


1-63 


0.3 6 


279-0 


1- 70 


0.35 


232-J 


1-72 


0. ?0 


235.5 


1.74 


o.;2 


283.4 


1.76 


0.94 


291.4 


1.73 


0.96 


294.3 


1.79 


0.9 3 


297.4 


1. 31 


1.0 


312.0 


1.90 


1.10 


325.8 


1.93 


1.2C 


3J9.1 


2.07 


1.30 


351.9 


2. 14 


1,40 


364.3 


2.22 


1.:.0 


376.2 


2.29 


1.6 


397.3 


2.36 


1.70 


399.1 


2.43 


l.-iO 


410.0 


2.50 


1.90 


420.7 


2.56 


2.00 


441.2 


2.69 


2-20 


460.3 


2.31 


2-40 


479.6 


2.92 


2.60 


497.7 


3.03 


2.30 


515.2 


3. 14 


3.00 


532.1 


3.24 


5.20 


543.5 


3.34 


i-^0 



IwiV'-.rf^^f.-VlTua 



\:V>, 


\%l\\ 


2.99 


X\V.\ 


\:Yi 


i3 0. r: 


\-M 


564 . 4 
579.3 


1:55 


3. H 


«..00 


304.4 


3.0 6 


434.5 


'. ^ 5 


36 5. 5 


3.21 


59i. 9 


3,6 2 


u.OO 


4. 20 


311.9 


3.14 


445.3 


3.43 


374. 9 


3.29 


609.5 


3.71 


4.20 


4.4C 


319.2 


3.21 


455.3 


3.51 


3;3.7 


3. 37 


623.9 


l,6^j 


4 . * 


4.60 


326.4 


3.29 


466.0 


3.59 


392. 3 


3. 4*. 


633.0 


3.39 


4.o0 


4.3 


333.4 


3. J6 


476.0 


3.67 


400. 3 


3.52 


651.7 


5. -97 


*.. 3') 


5.00 


340. 3 


3.43 


465.8 


3.75 


40 9.0 


3,59 


665.1 


4. 05 


5.00 


5.20 


3 4 7.0 


3.^.9 


1.55.5 


3.32 


m 1. 1 


3. 66 


67d. 5 


4.13 


5.20 


5.40 


353.6 


3.56 


50 4.9 


3-39 


425. 1 


3.73 


691-2 


4.21 


5.^0 


5- iO 


360. I 


3.65 


514.2 


3.96 


432. 9 


3.80 


703-" 


'..29 


5.c0 


5.30 


366.5 


3.6 9 


523.3 


4.03 


440. 5 


3. 86 


716.5 


4-36 


5. 30 


6.00 


372.3 


3.75 


532.2 


4.1C 


44 3. 1 


3. 93 


723.6 


4 . 44 


6-00 
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IPES. 
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-^- V 


ELOCITY 


IN MET 


ESS/SEC 


\ 










^^-r^-) 
"'-i- 


• "71 


fEa IN 


"" {6 7.>) 


Cl 


V 




RAOE 


%i 




0. ^ 
V 


, ^a../ 


76 




GRADE 


0-20 
0.25 ., 
0. J - 
0-253 
O-itO 
0- 1*2 
O.Ut, 
O.itS 


200.7 0.90 


286.5 


0.98 


392.2 


1.06 


519.4 


1.14 


0-20 


»■ 224-3 1.00 


320.3 


1,10 


433.5 


1.19 


530.7 


1.27 


0-2 5 


245. 8 l-lO 


350.9 


1.20 


430.3 


1.-30 


636.2 


1. 39 


0.3 


265 .4 1-19 


379.0 


1.30 


51 S.8 


1,40 


637.1 


1-51 


0-3 5 


263.3 1.^7 


405.1 


1.39 


554.5 


1.50 


734.6 


1.61 


0.4 


^ J -J » ^ *"— * 

290. a 1,30 


415.1 


1.42 


568-3 


1.54 


752.7 


1 .65 


0-4 2 


297.6 1-33 


424.9 


1.46 


531.7 


1.57 


770. 4 


1. 59 


0.4 4 


304 - 3 1- 3b 


434.5 


1.49 


594.3 


1.61 


7A7 .7 


1-75 


0.4 6 


310.9 1.39 


443.8 


1,52 


607.6 


1.64 


304.7 


1. 76 


0. 4 S 


0. SO 


317,3 1.42 


453.0 


1.55 


62 0. 1 


1.63 


821. 3 


1- 30 


0. 50 


0.52 
0.54 


323.5 l.^'S 


461.9 


1.5S 


632.4 


1.71 


357.5 


1.94 


0.5 2 


329-7 1.46 


470.7 


1.61 


644.4 


1.74 


853.5 


1- 37 


0.34 


0.56 
0.53 


335.8 1.50 


479,4 


1 .64 


656. 3 


1.75 


369.2 


1.91 


0.56 


34 1 .7 1.53 


487. 9 


1.67 


667.9 


1.31 


334 .5 


1.94 


0.5 8 


O.dO 
0.62 


347.5 1.56 
353.3 1.58 


496-2 
504.4 


1.7C 
1.73 


679.3 
690.5 


1.34 
1.87 


399. 7 
914,5 


1.97 
2.01 


0.60 
0.62 


0» felt 


35d.9 1.61 


512.5 


1.76 


701.6 


1.90 


929,2 


2-04 


0.6 4 


0.66 


364.5 1.63 


520.4 


1.78 


712.5 


1.93 


943-6 


2.07 


0.6 6 


0. 6S 


370.0 1.66 


528.2 


1.81 


723.2 


1.96 


957.9 


2. 10 


0. 63 


0.70 


375.4 1.63 


556.0 


1-84 


733-7 


1.99 


971. 6 


2- 13 


0.70 


0.72 


330.7 1.70 


543.6 


1.86 


744.1 


2.01 


9 95.5 


2- 16 


0-7 2 


0.74 


366.0 1.73 


551.1 


1.89 


75 4.4 


2-04 


999.1 


2. 19 


0- 74 


0.76 


391.1 1.75 


559.5 


1.91 


764.5 


2.07 


1012.5 


2.Z2 


0-76 


0.73 
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11646.1 5.23 


1.5C 


i..77 


9 32c. 5 5.11 


12023.0 5.45 


1.60 


4.9 I 


9615- 6 5. 27 


12393.2 5.62 


1.70 


5.06 


9394. 4 5- 42 


12757.6 5.78 


1.30 


5.19 


10165-5 5.57 


13107.2 5.94 


1-90 


5.33 


lOi.29-6 5.72 


134(.7.7 6-09 


2.0 


5.59 


10936-7 6.00 


14104.1 6.39 


2.20 


5.3 4 


11 425. I 6.26 


14731-2 6-67 


2.4 


6.0 8 


11891-6 6-52 


15332.8 6-95 


2.60 


6-3 1 


1 Z 3 4 , 5 6.77 


15911. •=. 7.21 


2- 3C 


6-53 


12773.6 7.00 


lb'.70-0 7.46 


3.0 


6.7 4 


13192.5 7.23 


17010.2 7.71 


3.20 


6-95 


13598.6 7.45 


17533.7 7.94 


3-4 



tant^ft 1:- < !nua 



4-00 3135-0 6.97 11156.9 7.54 

fc,20 8335.9 7.14 11^11-? '-^f 

4.40 6532.0 7.31 ll^^O,^ 7.91 

4.60 S723.8 7. '.7 11?43.0 8.08 

4.-5 e9ll.4 7.63 12199.3 8.26 

5.00 9G95.2 7-79 12451.4 8.43 

5.20 9275-3 7-94 12693.0 8.59 

5.40 9452-0 S.IO 12939.9 8.76 

5.30 9b23.4 3.24 13177,3 3.92 

5.30 9795.3 8-39 I3''l?-f l'^^ 

6.00 996i-3 8-53 13o39-3 9.23 

-. 9-18 



U'!?|-J 


7.h7 
7.Bi 


.6:j3o.'t 8.40 


i-M 


1*. 749- 7 


•i.Ci7 


19013.0 3,62 


•..-JO 


15114.0 


3,29 


19'.37.6 8- 83 


4.20 


15'.S5.6 


3. 48 


19946-2 9.0;. 


t.. *. 


1581 7. 3 


3.67 


20394.5 9.-2<. 


4. 60 


16157.5 


3. 36 


20-135.1 9.1.4 


4. =10 


16490. 7 


9. 04 


21262.7 9.65 


5. JO 


16dl 7. 3 


9.2 2 


21 68 J .^ 9.32 


5.2 


17137.6 


9- 39 


22096. 9iC.01 


5.40 


17452. 1 


9-57 


22502.510. 19 


5.e C 


17 7b 1.0 


9. 7i. 


22900.710, 33 


5.30 


13064.6 


9. 90 


23292. 110,55 


6.00 



GRADE 



VELOCITY I\ MErERS/SEC 
DIAMETER IN MM 

I 1829. 1931- „ 2134. 2286. 

G3A0E a V a V Q V c v 

0. 20 -^'5363.1 2-04 6639.2 2.15 3039.9 2.'2b 9724.0 2.3?; 0.20 

Is 5996.2 2-^e 7422.9 2.41 9044. d 2.5J 10371. a 2.&5 0.2? 

oM llldA 2.50 3131.4 2.64 9903.1 2.77 11909.4 2.90 0.3^ 

0.35 7-094.3 2.70 3732.9 2.35 10701, S 2.99 1259^-° |-^| ^-^^ 

0,40 7584-6 2.99 9399.3 3.05 11440-3 3.20 137d1.9 3,35 0.40 

0:42 7771.9 2.96 9621.1 3.12 11723.4 3.2S l^O^l.^ 3.43 0.42 

0:44 7954.8 3.03 9347.6 2.19 11999.3 3.36 l^^t^^'^ -,- H ^' H 

0.46 8133.6 3.10 10068.9 3.27 12263-9 3-43 1^7^7.2 3.59 0.46 

a 43 630='. 5 3.16 10235-4 3.34 12532.5 3.51 1d064.4 3.o7 0.45 

OISO 6479.9 3.23 10497.5 3.41 12791.3 3.53 15375-0 3.75 O.pO 

52 8647.8 3-29 10705.4 3.47 15044.6 3.65 15679-3 3.-2 0.d2 

54 8312.5 3.35 10909.4 3.54 13293.1 3.72 15973. i 3.39 0.D4 

0:56 8974:2 3.42 11109.5 3.60 13537.0 3.79 16271-4 3.96 0.56 

53 9133.1 3,43 11306.2 3.67 15776.6 3.S5 16559.4 4.03 0.59 

60 9^39,2 3.54 11499.5 3.73 14C12.1 3.92 16342.5 4.10 0.60 

62 9442l8 1159 11639.6 3.79 l42<.3-7 3-93 17120.9 4.17 0.62 

064 9592.9 3.65 11376.6 3.35 14471.7 4.05 17394.3 4.24 0.54 

U.b<- ?5^ = -7 I'^j- 1E060.7 3.91 14696.0 4.11 17664.5 t..30 0.66 

3.76 12242.1 3.97 14917.0 4.17 17930.2 4.37 0.68 



0.6b 
0.6 9 



5996. 


2 


656d. 


5 


7094. 


3 


7584 - 


6 


7771. 


9 


7954. 


8 


8133. 


6 


6303. 


5 


6479. 


9 


8647. 


a 


8312. 


5 


8974. 


2 


9133. 


1 


9239, 


2 


9442. 


8 


9592. 


9 


9742. 


6 


9839. 


1 


10033. 


5 


10175. 


3 


10316, 


2 


10454. 


7 


10591. 


3 


10726. 


3 


10359 


.5 


10991. 


1 


11121. 


.2 


11249 


.3 


11376, 


.9 


11502 


.6 


11627 


.0 


11750 


.0 


11371 


.8 


11992 


.3 


12577 


.7 


13136 


.9 


13673 


.4 


14139 


.5 


14637 


.5 


15169 


.2 


15636 


.1 


16099 


-4 


16530 


.3 


16959 


.7 


17797 


.5 


19579 


.4 


19337 


.0 


20067 


-0 


20771 


■« 


21452 


.5 


22112 


.3 



nrn inO?3'5 3.32 12420.3 4.03 15134-S 4-23 13191.9 4.43 0.70 

3:72 10175:3 5:37 12597 4:09 15349.5 4.29 13450.0 4.50 0.72 

5:74 10316:2 3.93 12770.3 4.14 15561-2 4.35 18704.5 4.56 0,74 

0.76 10454.7 3,93 12942,2 4.2C 15770.1 4.^1 1895^.5 4.62 0-76 

D 73 10591.3 4.03 13111.4 4.25 15976.3 4.47 19203.4 4.63 0.73 

0:aO 10726:3 4:0s 13278-4 4.31 16179.3 4.53 19445,0 4.74 0.30 

32 10359.5 4.13 13443.4 4.36 16 330.3 4.53 19639-6 4.30 0.92 

0*34 10991.1 4.18 13506.4 4.41 16579-4 4.64 19923.3 4.36 0.94 

0:36 11121:2 4:23 13767.4 4.47 16775-6 4.69 20164.1 4.91 0.36 



Q 36 11121.2 4.Zi li7bf.4 4.4/^ leff^-O t.oy £:uj.D^-i ».7i u.j 

39 11249:1 r.'l 13926.6 4.52 16969.5 4.75 20397.2 4.57 0.3 

090 11376:94:33 14063.9 4.57 17161. 3' 4.30 20627.7 5.03 0.>C 

0:92 1150!:6 4:33 14239:5 4,62 17350.5 4-35 20355-7 5.03 0.92 

94 116'7.0 4.43 14393.5 4.67 17533.5 4.91 21091.1 5.14 0.94 

96 11750-0 4:47 14545.3 4.72 17724.1 4.95 21304.2 5.19 0.96 

93 llsFuS 4:52 14696 5 4.77 17907.9 5-01 21525-0 5.24 0.93 

1 30 11992 3 4:57 14345.3 4.32 M095.5 5.06 21743-5 5.50 1.00 
1 10 12577:7 4:79 15570.4 5.05 13972.5 5.31 22304.9 5.56 I.IO 
1:20 13136-9 5:00 16262.7 5-2e 19916.1 5.54 23913.3 5.30 1.20 
1 30 13673:4 5:21 16926.3 5.45 20625.3 5.77 24791.4 6.04 1.30 
1 40 14199:5 1:40 17565:7 5.70 21403.9 5.99 25727.3 6-27 1.40 
1:50 14637:1 5,59 13132.3 5.90 22155.! 6.20 26630.3 6.49 1.50 
r.60 15169.? 5-77 13778.6 6.09 22391-7 6.40 27503-6 6.70 .60 
1 70 1563&:i 5:95 19356-5 5.26 23585.9 6.60 23350.1 6.91 1.70 

1 30 16099:4 6:13 19917.7 6.46 24269.7 6.79 29172.0 7.11 1.30 
1^0 16530 3 6 29 20463.5 6.64 24934.7 6.97 29971-4 7.30 l.VO 
2:00 1959:7 6,46 20995:1 6.81 25592.5 7.16 30750.0 7.49 2.00 
1:20 17797.5 6.77 22019.3 7.14 26331.2 7.50 32250.9 7. 86 2.20 

2 40 19579:4 7:07 22993.9 7.46 23024.2 7.84 33634.9 S.21 2.40 

2 60 19337:0 7:36 23933.1 7,7 7 29158.5 8.16 35060.4 8.54 2.60 
230 20067:0 7:64 24841.7 3.06 30269.6 8.47 36333.9 8.36 2.50 
^00 ?0771 " 7 91 25713.6 S.34 31332-0 3.76 37660.9 5.13 3.00 

3 20 21452:5 8.17 26556 I 9.61 32359.6 9.05 33396.0 9.48 3.20 
3:40 22112:3 8:42 27374.2 S.Se 33355-5 9.33 40095.1 9.77 3.40 



IntitfGfHtr-HivTcin 



t'Zo 2515l:i 9:59 31140.710.10 37945-010.61 45607. bU.U 4..0 

4.60 25770.7 9.79 31340,610.53 3^797,910.85 46634. 711. Jo 4.oG 

4 30 26273:910:00 32525.410.55 39632.211.03 47^57. 711. 61 4.90 
5:00 26315:710.21 33196.110.77 40449.511.31 48620,011.35 5.00 
5.20 27346.710.41 33353.510. ?8 4125C-6L1.54 49532.912.03 3.20 

5 40 ?7d67:6l0:61 34493.411.15 42036.311.76 50527.412.31 5.40 
1:60 29379.010:10 15131.511.4C 4230?. 711. 97 51454.612-54 5- SO 
5 30 ?l89l.311.00 35753.311.60 43565.412.19 52565,412.76 5.90 
6:00 29375:111:13 36364.511.30 44310.212.39 53260.612.93 6-JQ 
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I 


:J5CHARGE 


'H^sr^kssFu 


^eirSi 


.|5^^*R PIPES, 


\= 0.013 










' 


i/ELCCUY 


IN METERS/srC 








• 






DIAMETER U 


1 MM 








X 


2433. 


2591. 


2743. 


2896. 


I 


GHAOE 


a 


V 





V 


V 





V 


GSAOE 


O.'O - 


■•"fl 55 0.2 


2.47 


13576.8 


2,56 


15312. 3 2-'63 


13264.6 


2-77 


0.20 


. 5.5 ' 


1291i.5 


2.77 


15179.4 


2.36 


1767d.7 2.9? 


20420- 5 


3. 10 


0.25 


O.iO 


14 146.0 


3.03 


16523.2 


3.15 


19366.0 3.23 


22369,5 


3- 40 


0.30 


0.35 


15279.4 


3.27 


17960.5 


3.41 


20917-7 3.54 


24161-9 


5.ii7 


0.5 5 


0.40 


15334.4 


3.50 


19200.6 


3.64 


22362.0 3.75 


25330.1 


3-92 


0. 4 C 


0. tt2 


1673r.8 


3.58 


19674.7 


3.73 


22914.2 3.33 


26463-0 


4-02 


0.4 2 


0. (,6 


17 13 1.7 


3.67 


20137.7 


3. 82 


23453.4 3.97 


27090- 3 


4.11 


0.4 4 


17516-7 


3.75 


20590.3 


3.91 


23930.5 4.06 


Zn399.7 


4-21 


0.^6 


Q. i. 3 


1789 3-4 


3.33 


21033.2 


3.99 


24496. J 4. 14 


25295.5 


4. 30 


0.43 


0.50 


15262.4 


3.91 


21466.9 


4.07 


25001.4 4.25 


23^73. 9 


4. 39 


0.50 


0- 52 


13624. 1 


3.99 


21892-0 


4.15 


25496.6 4.31 


29450 .9 


4.47 


0.52 


0.5'* 


18975.9 


<.,06 


22309.0 


4-23 


25982.3 4.40 


30011.9 


4.56 


0.5 4 


0.56 


19327. 1 


4.14 


22718.4 


4.31 


26459.0 4.43 


30562.5 


4. ti. 


0.56 


0.58 


19669.2 


4.21 


23120.5 


4.39 


26927-4 4.56 


31103.6 


4. 72 


0. 53 


0.60 


20005.5 


4.28 


23515.8 


4.46 


27337.7 4-63 


31635.3 


4-30 


0.60 


0.62 


20336.2 


4.55 


23904.5 


4.53 


27840-4 4.71 


32l5i.2 


4-38 


O.b 2 


0.64 


20D&1.6 


4.42 


24287.0 


4.61 


2S235.9 4.79 


32672.8 


4.95 


0.54 


0.66 


20931 .9 


4.49 


24663. 6 


4.68 


23 724.5 4-86 


53179-4 


5-04 


0.6 5 


.0.6 4 


21297.5 


4-56 


25034.5 


4.75 


29156.4 4.93 


3367^.3 


5.11 


0.0 3 


0.70 


21606.4 


4.63 


25399.9 


4.52 


29582,1 5,01 


34170. C 


5.19 


0.7 


0.72 


71 91U.9 


4.69 


25760.2 


4,39 


30001.7 5.08 


34654 , 7 


5. 26 


0.7 2 


0.7 k 


22217-2 


4.76 


26115.6 


4.95 


30415-6 5. 15 


35132.7 


5.34 


0.7 4 


0-76 


22515. 4 


4.32 


26466.1 


5.02 


30823.3 5.22 


35604 . 4 


5.41 


0.7 6 


0.73 


22309-8 


4.88 


26312.1 


5.09 


31226.3 5.28 


3bJ69. 3 


5.43 


0.78 


0. dO 


23 100.3 


4.95 


27153.7 


5-15 


31624.6 5-35 


36529. 3 


5. 55 


0. 30 


0. 97 


23 3a7. 3 


5.01 


27491.0 


5.21 


52017,5 5-42 


36983.1 


5.62 


0,3 2 


0. Sk 


23670-8 


5,07 


27324-2 


5.2 8 


32 40 5.6 5.4 3 


37431-4 


5.63 


. =J 4 


0. 36 


23950-9 


5.13 


23153-5 


5.34 


327d9. 1 5.55 


57374.4 


5,75 


O.-Sb 


0.33 


24227,8 


5.19 


23479.0 


5-40 


33163.2 5.61 


33312-2 


5.3 2 


0.3 3 


0. 90 


24501 .6 


5.25 


28300.8 


5.46 


33543.0 5.68 


33745-2 


5,33 


0. 90 


0.92 


24772.4 


5.30 


29119.1 


5-52 


33913.6 5. 74 


3^173. 3 


5.95 


0.9 2 


0.94 


25040.2 


5.36 


29433.9 


5. 58 


34230-2 5.80 


39596.8 


6.01 


0, ?4 


G-9o 


25305.2 


5.42 


29745.4 


5,64 


34643.0 5.85 


40315.3 


6.03 


0.95 


0. 'JH 


25567.4 


5-46 


30053.6 


5.70 


35002.0 5.92 


40430,5 


6,14 


0.93 


1. 00 


25827.0 


5.53 


30353.7 


5.76 


35357.4 5.93 


40341.0 


6. 20 


1.0 


1-10 


27037 .5 


5. 30 


31840.5 


6.0 4 


37083. I b.27 


42a34. 4 


6-50 


1.10 


1. dO 


2 9292-0 


6.06 


33256-3 


6.31 


33732.1 6.55 


44739. 1 


6 .79 


1.20 


1.30 


29'.47. 5 


6.31 


34bl4.3 


6-57 


40313.6 6-82 


46565, 9 


7.07 


1.30 


1.40 


3055J1.9 


6.54 


35920.9 


b.31 


41335.4 7-08 


46325.7 


7. 34 


1.40 


1. 50 


31631.4 


t.77 


37181.7 


7.05 


43303.8 7.33 


50019.3 


7,60 


1 -50 


1.60 


32668. 8 


7.0 


33401.1 


7. 23 


44 723-9 7.57 


51660-2 


7. 84 


i .oO 


1. 70 


33674.2 


7.21 


39583.0 


7.51 


46100.4 7.30 


53250.1 


3-09 


] . TO 


1. ^0 


34650,5 


7.42 


40730.5 


7.7Z 


47436.9 8.03 


54793.9 


3-52 


1 . -SO 


1.9 


3560C.0 


7.62 


41846.6 


7.94 


43736.8 6.25 


56295.'. 


6.55 


1-9 


2.00 


36524, fl 


7.3 2 


42933.7 


8.1 4 


50002. 5 8.46 


57757.9 


6.77 


2.00 


2. 20 


38307.6 


8.20 


45029.3 


e.54 


52443.5 8.87 


60577.0 


9-20 


2. 20 


2, 40 


4001 1,0 


>i.57 


47031.6 


8.92 


54775-4 9.27 


63270.6 


9-51 


2.40 


'.60 


41644.7 


a-92 


48952.0 


9.29 


57012.1 9.65 


65S54-11U--JO 


2.6 


2. 50 


43216.3 


9.25 


50799.9 


9.64 


59164. 21C. 01 


63340. lie. 33 


Z.'iO 


3.00 


t,i* 7i 3. 6 


9.58 


52532.9 


9.97 


61240- 810. 36 


70733-710.74 


3.00 


3.20 


<.6200.7 


9.39 


54307.410.30 


63249.210.70 


73053.6 


11.09 


3.20 


3.40 


47622.610.20 


55978.810.62 


65195-311.03 


75507.11 1-44 


3 . -i 



Itstatlfits^M Im^ 



i-Ai iim-.m-ji iim-AU-.ti mn-.m-.it F.m-.m-Ai an 

t-A'o nUhUl:]^ nill-Ml-.U niitinklt tilil:||l:? i^l 

4.4} 54175.111.60 63631.012-03 74Uo. 312.53 35a=3.31^.Cl 4.4u 

4.60 i5592.711.3b 65112.312-35 75833.112.83 37:>94.2 3.40 4.oU 

4.30 5653'.. 012. 12 66512.712.62 77464.115. 11 3947d. 113.^9 >. . ^ 

5I0O 57750.812.57 6 7 394 ,2 1 2 .8 iJ 79061.513.53 91523.213.87 5.00 

5. 20 53394.512-51 69223.513.13 6J 5? 7 . 2 1 3 . 64 95131. 314. 14 -j.-O 

5.40 60016,412.35 70547.313.38 32153-113.90 94905.914.41 'j,',Q 

5.60 61117.713.09 71341. 913.53 -1 3 6 7 . -i 1 4 . 1 6 96 5 47 . 4 1 4 . o ■< 5-o0 

5.30 62199.613.32 73115,513.87 55151.814.41 93533.114.94 5.10 

6100 53252:913.55 74353.414.11 35607.514.65 1 000 3> . 6 1 5 . 19 6.00 

9-20 



CISCHA;?GE A^'53|f-^l^3gpif^FpPj^^jR5^^^. pipes, N- 0.013 

VELOCITY IN METERS/SEC 
OlAMtTER IN MM 

X 30^2. 3200. 3353- 3505. 2 

GRADE qVOVOVOV grade 

0.70 ^20941. a E.57 23351-7 2.96 27002.0 3-06 30^00.2 3.15 0.20 

0^25~' 23-^13.7 3.21 2&667,0 3.31 30189.1 3-A2 33933.*. 5-52 0.25 

Cr30 256'.9.4 3.52 29212.3 3.63 33070.5 3.75 37232. <. 5.96 0-30 

0.35 27703.5 3.30 31552-9 3.92 35720.2 <».05 ^.0215. 6 4.17 0-35 

0.40 29616.2 4. OS 73731.4 A-IS 33136.6 4-33 42992-3 4-46 0.40 

0.^2 30347.6 4.16 34564.4 4.3C 39129.6 4.43 44054-0 4.57 0.42 

0.44 31061.9 4,26 35377.8 4.40 40050.4 4.54 45090-7 4.67 0.44 

0-46 31759.9 <».35 36172.9 4-50 40950-5 4.64 46104.1 4.73 0-46 

0.43 32443-0 4.45 36950.9 4.59 41931-3 4.74 47095-7 4-83 0-45 

0,50 33112. C 4.54 37712.9 4.69 42693.9 4.84 43056-9 4,99 0,50 

0.5:' 33767.7 4.63 23459,7 4-75 43539.4 4.93 49013.3 5-03 0-52 

0.54 34411.0 4.72 39192.4 4.87 44353.9 5.03 49952.6 5-ld 0.54 

0.56 35042-4 4-30 39911.6 4.96 45132.9 5.12 50359-2 5.27 0.56 

0.58 35662-7 4.39 40618.0 5.05 45932.7 5,21 51769.6 5.36 0.5(3 

0-60 36272.3 4-97 41312.4 5.14 46758.3 5.30 52654.6 5-46 0.60 

0-52 36971.9 5.05 41995.3 5.22 47541.9 5.38 53525-0 5.55 0.62 

0.54 37461.9 5,13 42667,3 5.30 43302.6 5.47 54331-5 5-64 0-64 

0.66 3304E.8 5-21 43326.3 5-39 49051.5 5-56 55224-6 5.72 0.66 

0.68 38614.9 5.29 43930.4 5.47 49789.2 5.S4 56055.1 5.31 0.63 

0-70 39178.6 5.37 44622.5 5,55 50515.1 5-72 56873.5 5.^9 0.70 

Q.77 39734.4 5.45 45255.5 5.63 51232.6 5.80 57630.2 5-93 0.72 

0.74 40282.4 5.52 45379.7 5-70 51939-3 5.65 53475.9 6.06 0.74 

0.76 40323.2 5-59 46495.6 5.78 52636-5 5-96 59260.3 6.14 0.76 

0.73 41356.*; 5.67 47103.4 5-36 53324.6 6-04 50035.5 6-22 0.76 

0.90 41383.7 5.74 47703.4 5-93 54003-9 6.12 6G300.3 6.30 0.30 

0.3' 42404.0 5.31 48296.1 6-00 54674.8 6.19 61555.6 6.33 0.32 

0.34 42913-0 5.39 43331.5 6.03 55337-6 6-27 62301.3 6.46 0.34 

0.36 43425.9 5.95 49460.0 6.15 55992.5 6-34 63039-1 6.53 0.96 

0.33 43928-0 6.02 50031.3 6.22 56639.8 6.42 53767.9 6.51 0.33 

0.90 44424.4 6.09 50597.1 6-29 57279.3 6.49 64433.5 6.63 0.90 

0.92 44915-3 6.16 51156.2 6.36 57912.9 5-56 65201-1 6-76 0.92 

0.94 45400.3 6-22 51709.3 6.43 53538-5 6.63 65906.0 6.83 0.94 

0-96 45331.3 6.29 52256.5 6.50 59159-4 6.70 56603.4 6.90 0.96 

0.95 46356-S 6,35 52798-0 6.56 59771.4 6.77 57293.6 6-97 0.93 

1,00 46327.4 6.42 53334.1 6.63 60378,2 6.84 67975.5 7.04 1.00 

1.10 49113.0 6.73 55937.3 6-95 63325,2 7.17 71294.7 7,i9 1.10 

1-20 51296.8 7.03 58424.6 7.26 66141.0 7.49 74464-9 7.72 1.20 

1.30 53391-4 7.32 50810.2 7.55 53341.3 7.80 77505.5 5.03 1.30 

1.40 55405.9 7.59 63105.7 7.34 7144C-5 3-09 30431.5 3.34 1-40 

1.50 57351-6 7.35 55320.6 8.12 73947.9 8-38 33254.3 8.63 1.50 

1.60 59232. S 8.12 67462-9 3.39 76373.1 3.65 35934.6 S.91 1.60 

1.70 51055-4 2.37 69539.1 3.64 7^1723.6 3,92 33630.9 9.13 1.70 

1.30 62325.5 8-Sl 71555.2 8.89 31005-9 9.13 91200.5 9.45 1.3C 

1.90 54547.1 8.85 73515.0 9.14 83225.7 9.43 93699.6 9.71 1.90 

2.00 66223.9 9-03 75425.3 9.33 65337-7 9.67 96133.7 9.96 2.00 

- 2.20 69456-2 9-52 79107.2 9-33 69555.410.14 100 325.910.45 2-20 

2.40 72544.7 9.94 82624.310.27 93537.610-59 105 309.210.9 1 2.40 

2.60 75505-910.35 e5999-6lO-bS 97357.011-03 109609.311-36 2-50 

2.30 78357-210.74 89245-011.09 101032.111-44 113747.011.79 2-30 

3-00 81107.411.12 92377.311.48 104 57 3-211.65 117 739.312.20 3.00 

3.'0 93767.411.^3 95406.911.36 1 0"? 00 7. 912- 23 121600.612.60 3.20 

3.40 36345.411-83 53343-212.22 111332.012-51 125543.112.99 3.40 



^xsi^ti-cyitm 



hll m^t:l\l:ll l^MiyAU-M li^llIiHi:^ imilim-Jl \:\^ 

4.00 93654.912-34 106668.113.26 1 2 O 75'>. 51 3 . 63 1 3595 i . 6 1 4 . 09 4.00 

4.20 55967.613-15 1 C9 30 2- 3 1 3. 5 9 1 23 7 3 3- bl4 - 02 139311-014.44 4.20 

4.4i 93226.013.45 111374,513.91 126650.514.35 142539-414.75 4.*C 

4.60 100433.613,75 114 369.314.22 129496.514-67 145794.015-11 4.b0 

4.iC lC259i.7l 4.06 115r!45. 1 1 4.5 i 1322^2.114.94 14 3 929 . " 1 5 . 4 3 4 , •« 

5.00 104 ;'09.2i 4. 35 1 1 025 8. 6 1 4 . 3 2 1 35 C09- 31 3 . 29 152000.315.75 5. JO 

5-2; 106732.91 4. t3 ia520.4l5.12 137 63 5.^:15-59 1550 U . Jl 6 . 06 5.20 

5.40 1C3-17.-J1 4. 91 123937,215.4 1 I 40 3.J6. 31 5 . 39 157963.916-37 5.40 

5.6'! Il-J'jl£.3l3.19 126211.515.69 142n^l.015.13 150362.516.67 5-30 

5-30 ll27/'5. 315.45 123445.515.97 145410.116-47 163709-916-97 5.30 

6. 00 114 70 3.215-72 1 306 4 1 , 3 1 6.2 4 147395.516.75 1 b6503 - :> I 7 . 25 6-00 
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WORKSHOP QUESTIONS 

The Owners of the Plan of Subdivision wish to service the lots with full municipal services. 

i) Assuming the external drainage area to a proposed ditch inlet catchbasin comprises the 

following parameters: 

a total length of 215 metres; 
average slope of 0.8%; 
composite runoff coefficient 0.48. 

What is the Time of Concentration at the ditch inlet? 

ii) Using the enclosed Grading Plan and the proposed manhole locations, prepare a storm 
drainage plan for Street D. 

iii) What value for the Runoff Coefficient would you consider appropriate for single 
family residential development. 

iv) Using the following information, design the storm sewer system on Street D using the 
City of Vaughan Design Sheet. 

Length Slope 



MH 92 to 93 


52.0 


1.24% 


MH 93 to 94 


44.0 


1.70% 


MH 94 to 95 


43.0 


0.95% 



MH 92 invert 195.28 

5-year storm frequency 

Inlet time 7.0 minutes 

Assume manhole losses of 0.05m 

v) What size should manhole #94 be? 
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STRUCTURAL CONSmERATION IN THE DESIGN OF SEWERS 



GENERAL 

The structural design of a sewer pipe follows the same design procedure as conventional 
structures. First it is necessary to determine the nature of the ground into which the pipe will 
be installed. Then to determine the load to which the pipe will be subjected during its life 
and finally to select the materials, pipe strength and factor of safety to provide the required 
life of the pipe. Each of these factors must be considered for the successful design of a 
pipeline. 

EXTERNAL LOADS 

External loads on a buried circuit are caused by the earth overburden plus the effect of 
surface loads such as trucks, airplanes and rail traffic including impact. In order to determine 
the external load to which a pipe will be subjected, it is first necessary to determine the 
construction conditions that will occur. There arc three main types of construction that may 
occur. These are as follows: 

trench installation 
embankment installation 
tunnel installation 

Tunnel installations arc complicated structures which arc beyond the scope of this course. In 
1913, Anson Marston first published his work or methods to determine the vertical loads on 
buried conduits. Marston 's theory states that the load on a buried pipe is equal to the width 
of the prism of earth directly over die pipe, plus or minus the frictional shearing forces 
between the backfill material and the wall of the excavation. 
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In general, Marston's equation can be stated as follows: 

W « C w B 

where W « vertical load 

C = dimcnsionless coefficient 

w = unit weight of earth 

B m trench width or pipe width as required 

The dimensionless coefficient C is dependent upon the following factors. 

Ratio of height of fill to trench width or the width of the conduit. 

Shear force between the backfill and the extension material. 

Direction and amount of related settlement between the backfill and adjacent 

earth prism for embarkment conditions. 

This load coefficient C for trenches can be calculated as follows: 

2K 
where Cd = load coefficient for trenches 

e = base of natural logarithms 

K = Rankin's ratio of active unit pressure to vertical unit pressure 

!»' = tan = coefficient of friction between the backfill materials and 

the sides of the trenches 
H = height of fill above the top of the conduit 

Bd = trench width 
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The approximate soil characteristics for various type of soil found in Table 10-1. 



1 Soil Type 


Unit Weight 


Rankin's Ratio 


Friction 




kg/m 


K 


Coefllcient p 


Partially Compacted 


1440 


0.33 


0.50 


damp topsoil 




- 




Saturated Topsoil 


1760 


0.37 


0.40 


Partially Compacted 


1600 


0.33 


0.40 


damp clay 








Saturated Clay 


1920 


0.37 


0.30 


Damp Sand 


1600 


0.33 


0.50 


Wet Sand 


1920 


0.33 


0.50 



The friction coefficient p is equal to tan ji' which is the internal friction of the backfill 
material. It is used to assume that for trenches backfilled with native excavated material that 
p = p'. 



I 
I 
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Embankment conditions exist where tlie top of the pipe is the natural ground. This is also 
known as a positive projecting conduit. The load on a positive projecting conduit is equal to 
the weight of the prism of soil directiy above the conduit plus (or minus) the vertical shearing 
forces which act on the conduit. Marston's equation for the load on a positive projecting 
conduit is as follows: 



w 


= 


CeWB/ 


where W 


= 


load on pipe 


Cc 


= 


embarkment load coefficient 


B. 


s= 


outside diameter of conduit 



The embankment load coefficient Q, is a function of the ratio of height of cover to pipe 
diameter ratio, the settiemeni ratio, projection ratio, Rankin's conduit and the coefficient of 
frictions. The relationship is shown on the reference material. 

With trench conditions, the load will increase up to a certain point when the trench become 
wide enough that the installation can be considered as a positive projecting embankment The 
width at which this occurs is called the transition width. For trench width greater than the 
transition width embankment, calculation procedures should be used. 

Flexible pipes behave in a much different manner than rigid pipes. A flexible pipe derives its 
carrying capacity fixjm its flexibility. Under load a flexible pipe will deflect, thereby 
developing the passive soil support at the sides of the pipes. At the same time, the vertical 
deflection relieves the pipe of the main portion of the vertical soil load which is picked up by 
the surrounding soil in an arching action over the conduit. 
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The load on a flexible pipe can be calculated by several methods. When the sidefill and the 
flexible pipe have the same stiffness, the amount of load that will be carried by the pipe can 
be calculated on a width basis as follow: 



w. 


= ^ 


Wp 


Bd 


w. 


WdB 



Bd 

From Marston's equation Wp = CowBd^ 

Therefore W, = C^wBd'B. = CowBdBe 

Bd 

The Marston Equation for flexible pipe was developed assuming the pipe stiffness and the 
soil stiffness are equal. A more realistic design load for flexible pipe is the weight of the 
vertical prism of soil over the pipe. The prism load can be calculated using the following 
equation: 

P ^ H 

where P = pressure due to weight of soil at depth H. 
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LIVE LOADS 

Buried pipes arc subject to loads applied by traffic such as trucks, trains and automobiles. 
The load as a result of these traffic loadings is usually calculated using the following 
equation: 



Wl = 


(L) 


(PF) 


where Wl 


= 


load on pipe, kg per unit length 


P 


= 


concentrated load 


F 


= 


impact factor 


L 


= 


effective length of conduit 


Q 


e: 


load coefficient 



The load coefficient C„ is a function of (Bo/2H) and L/2H). The impact factor, F' is 
dependent on the depth of bury and type of load. 

The previous equation for living loads is applied for concentrated loads. If the live load is a 
distributed load, the following equation may be used: 



W, 



C. p F B, 



where p 



intensity of uniform load, kg/m^ 



For this equation C„ the load coefficient is a function of (D/2H) and M/2H) where D and M 
are the width and length respectively, if the area over which the distributed load is applied. 
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RAPID PIPE DESIGN 

The design of rigid pipe for non pressure application require a knowledge of the external 
loads, the available pipe strengths and the installation conditions. 

The installed pipe strength has been determined to be greater than the strength determined by 
testing using the three edge bearing test. The three edge bearing strength is tiie lead per 
length required to cause cracking or critical cracking of the pipe test specimen. 

The installed pipe strength of rigid pipes is greater than the three edge bearing strength 
because of tiie increased suppon provided for the pipe ir* an installed condition as opposed to 
the three edge bearing test. This increased capacity is a result of a term called the load 
factor. The load factor is calculated as follows; 

Load Factor = Field Strength 

Three-Edge Bearing Strength 

The load factor for various bedding types are available in many design manuals. 

The required pipe strength for rigid pipes can be calculated as follows; 

Required Pipe Strength = Design Load x Factor of Safety 

Load Factor 

In order to design a rigid pipe, the following procedure should be followed; 

1) Determine Road Load. 

2) Determine Live Load. 

3) Determine the Factor of Safety. 

4) Select the Type of Bedding. 

5) Determine the Load Factor for the Bedding Type. 

6) Determine the Required Pipe Strength. 
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DESIGN OF FLEXIBLE PIPE 

For flexible pipe the design approach is based limiting the vertical deflection. The vertical 
deflection can be calculated using the modified Iowa formula as follows: 



4X 




D, K WT-r^ 
KI + 0.061 EV 


4X 


= 


vertical deflection 


Dl 


= 


deflection lag factor 


K 


= 


bedding constant 


Wt 


= 


load per unit area of pipe 


r 


= 


mean radius of pipe 


E 


- 


modulus of elasticity of pipe material 


i 


s 


moment of inertia of pipe wall per unit length 


£• 


= 


modulus of soil reaction. 



The deflection lag factor, Dl, recognizes that the consolidation of the embedment materials 
continues over time. It is suggested that if the load on the pipe is calculated by the Marston 
equation for flexible pipes that the deflection lag coefficient should be 1.50. If the prism load 
is used to calculate the load a deflection lag factor of 1.0 can be used. 

The bedding constant, K, is determined by the bedding condition. The greater the bedding 
angle, the smaller the bedding constant and thus the smaller the amount of deflection. 

The Modulus of Elasticity of the pipe E can be determined by information provided by the 
manufacturer. 

The value to be used for the Modulus of Soil Reaction, E', is dependent upon the type of soil 
and the degree of compaction provided. 

All of these factors are to be considered and the deflection of the pipe. If the deflection is 
greater than that allowed, eiUier the pipe wall thickness needs to be increased or the bedding 
changed or bodi. Consideration could also be given to increasing the value of E'. 
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SEWER INSTALLATION 

INTRODUCTION 

The sewer designer is presented with several challenges in ensuring the construction of a 
functional sewer. The designer must fully understand the purpose of the sewer he designs, 
both for the present and the future. The potential for changes in both the volume and the 
composition of the wastewater or stormwater must be accommodated, and allowances must be 
made for changes in the character of the service area itself. The designer must have an 
understanding of the structural requirements upon the nature of the forces which may be 
applied from external loads and from internal forces. 

Assuming that the designer has successfully addressed the hydraulic and structural 
requirements on the pipe, he must then ask if the pipe can be installed in a reasonable and 
cost efficient manner. It is essential to first gather all available data on existing conditions in 
the project area. This information includes geotechnical data, hydrogeological data, and the 
location and materials of other services already installed in the project area. The designer 
must also consider the requirements for local traffic movement, the acceptability of 
disruptions to other services, the use or disposal of excavated materials, haul routes, noise and 
dust restrictions, stormwater control and safety aspects of the construction. When all 
available data has been gathered, it is necessary to analyze the shortfalls in the data and to 
acquire the remainder of what is needed. 

It is then necessary to look to the future and predict the long term costs and implications of 
the work. It is shortsighted to build a sewer where it will compromise the future installation 
of a watermain, if better planning could have accommodated both. It is also important when 
designing a sewer and writing specifications to allow some flexibility. Contractors have the 
ability to draw on experience and a knowledge of the capability of tiieir equipment, and are 
often in a position to suggest construction alternatives which can save both money and time. 

Sewers may be installed by two basic methods; either by cut and cover methods (trenching), 
or by trenchless methods such as tunnelling. 
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PREPARATION OF THE SITE 

Site preparation includes such activities as clearing, grubbing, and the construction of 
stomiwatcr management systems to control the runoff of sediment laden waters. It may also 
be necessary to remove unsuitable soils such as organics or rubble fill from the site. 
Preparation work should, wherever the possibility of construction related damage exists, 
include photographic reconls of preconstruction conditions. 

CONSTRUCTION BY OPEN TRENCH METHODS 

The primary objective of the contractor is to construct a project according to specifications at 
the minimum possible cost. In most cases the contractor will attempt to install a pipe in a 
trench of the narrowest allowable width, but occasionally may wish to increase the width of 
the trench beyond the specifications. Generally, this practice should be discouraged. In wide 
trenches, the pipe can be exposed to increased loading due to: 

1. Reduced lateral support from the undisturbed trench walls. As the trench width 
widens; the volume of fill between the pipe and the trench wall increases, so that the 
likelihood of a poorly compacted area along the pipe increases. If the trench fill can 
be compressed laterally, it offers less lateral support to the pipe, and in the case of 
flexible pipes, the pipe may deform to an oval to take up the available space. The 
oval shape has compromised structural characteristics, and may collapse under severe 
vertical loading. With rigid pipes such as concrete, the imbalance of vertical loading 
and lateral resistance may lead to cracking and failure. 

2. Reduced vertical influence from trench walls. TTie tendency of fill material to 
compress and settie in the trench is resisted by the frictional effect of the trench walls. 
As the distance from the trench wall increases, the effect of this vertical friction 
decreases. Wider trenches, therefore, may subject pipes to increased vertical loads. 

For the reasons outiined above, the specifications should recognize that variations in 
the trench width resulting from cave-ins or rock overbrcak should be compensated for 
with alternate construction methods. 
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The trench excavation process is usually preceded by the stripping of topsail or the 
removal of pavement. In some cases, it may be economical to strip a considerable 
depth of material from the course of construction in order to eliminate deep trenching 
and elaborate trench support systems. Several types of excavator may be used, but 
general preference is for a hydraulic backhoe or excavator which can be closely 
controlled and may be used for lo\yering pipes and equipment into the trench. 

In deep trenches or in unstable soils, it may be necessary to hold the trench open using 
a system of trench support. These methods may include braced sheeting, walers and 
struts, soldier piles with lagging, continuous sheet piling, or a trench box. The choice 
of the suppon system will depend upon the depth of the trench, the cohesiveness of 
the soils, and groundwater conditions. In all cases, the support system must be 
designed in accordance with legislative and regulatory requirements, and should be 
checked for adequacy by a competent structural engineer. 

When the support system is removed, it is important to assure that voids along the 
trench walls are not left in the spaces where the supports were removed. These voids 
will allow the lateral movement of die trench fill materials, resulting in loss of 
compaction and decreased lateral support for the pipe. If the support system cannot be 
withdrawn coincident with the placement and compaction of trench fill, the pipe must 
be designed to perform with reduced lateral support. Where a trench box is being 
used, it is common to drag the box forward in the trench as the work progresses. This 
practice makes the compaction of trench fill material impossible to maintain, and may 
result in dragging of the pipe in the trench box as it is moved. 

The detrimental effects of groundwater upon the trench must be controlled through 
dewatering. The presence of excess water in the trench will make it difficult to place 
and compact bedding and fill, since water must be driven from the fill to compact the 
soil particles. Sloppy working conditions will make it difficult to maintain grade or to 
make satisfactory connections and joints. High groundwater may also cause trench 
instability, so that the sides of the trench cave in or the bottom of the trench is 
destabilized by the upwards hydraulic forces. 
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Dewatering is accomplished by pumping to lower the local water table elevation. 
Methods commonly used include dewatering sumps and well point systems. In some 
cases, it may become necessary to prevent the movement of groundwater by freezing 
the area around the excavation or by injecting chemical grout into the soil. It is 
necessary to ensure that the dewatering procedure is removing only clear groundwater, 
as some soils will move freely into the dewatering systems, leading to subsidence of 
adjacent soils. 

In some cases, it may be necessary to place the sewer on a bedding of open stone. In 
this simadon, it is important that the stone be completely enclosed in a geotextile 
envelope to prevent the subsequent movement of soil into the voids between the 
stones. Other methods of improving the stability of the trench foundation include the 
placement of timber or concrete. In extreme cases, it may prove necessary to support 
the pipe on piling. 

Trench backfill must be designed with recognition of the purpose that the backfill 
serves. The material supplies the lateral support to the pipe, and provides vertical 
suppon for loading from above. In order to provide this support, the fill must be 
compacted to optimum density, which is commonly expressed as a Standard Proctor 
Density. The SPD for native materials can be determined through laboratory testing, 
and may be achievable for a very limited range of moisture contents. Cohesive 
materials with high clay content are characterized by small particle sizes, and 
correspondingly small pore spaces. Cohesive soils arc compatible over a limited range 
of moisture contents because of this characteristic. Cohesionless soils such as sands 
arc more easily compacted when shear between the soil particles is reduced, and less 
force is required to displace the moisture from between soil particles. For this reason, 
moisture content in granular soUs is not as critical to the compaction process. 

The degree of compaction will determine the amount of subsequent settiing which will 
occur, and becomes especially critical for fill material placed under roadways. There 
are several mechanical methods of determining compaction in the field, but the nuclear 
densimeter is becoming quite popular. 
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It is also important to consider the action of the native materials in designing the 
backfill and it may be unwise to import granular material for trench fill in areas where 
the native soils are not granular. If a granular material is used for backfill while the 
native material consists of clay or silt, it is possible that frost heave in the clay soil 
will causes the trench to be depressed each spring, leading to pavement deterioration 
and to the ponding of water over the trench. Granular fill through clay soils will also 
provide a preferential flow path for groundwater, with subsequent effects on the local 
water table. This "french drain" effect may be prevented by installing clay trench plugs 
across the trench to retard the flow of water. Clay or deformable soils also may not 
provide lateral support necessary to achieve compaction of granular materials in the 
trench. For these reasons it is generally advisable to backfill the trench with native 
. materials where possible. 

INSTALLATION BY TUNNELLING 

In cases where the maintenance of surface conditions is a high priority, or where the depth of 
excavation makes open trench construction unfeasible, sewer pipes may be installed by 
tunnelling. Several methods of tunnel construction may be employed, and the choice often 
depends on the size of the required tunnel. Conventional mnnelling methods are usually 
employed in tunnels large enough for personnel access, with smaller tunnels being constructed 
by "microtunnelling" methods. 

Since tiiere are limited opportunities to modify the tunnelling operation after it is under way, 
it is essential that geotechnical, hydrogeological and utility investigations be as comprehensive 
as possible. The sinking of shafts to remedy construction problems quickly eliminates the 
benefits of constiniction by tunnelling. 
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Pipe Jacking 

Pipe jacking is performed by simultaneously pushing a pipe and excavating the 
material at the leading edge of the pipe. The pipe is advanced from a jacking pit, and 
the jacks arc periodically backed off to allow for the insertion of another section of 
pipe. Pipe materials commonly used in jacking operations are reinforced concrete and 
smooth walled steel. The success of a jacking operation can be lost in soils where 
boulders occur. 

Jacking installations are usually limited to distances of about 100 metres, dependent 
upon the frictional forces along the outer surface of the pipe. Bentonitc is often 
injected into the space between the pipe and the soil to lessen the frictional forces. 
The designer must calculate the jacking forces, and must design the pipe to withstand 
these longitudinal forces. Compressible rings of materials such as plywood arc often 
inserted between pipes to prevent spelling damage. 

Accurate grade control can be difficult in pipe jacking operations. Unstable soils and 
excessive groundwater conditions can result in failure of the face of the excavation 
into the pipe, causing cave-ins to occur. 



Tunnel Shields 

Tunnel shields arc generally employed in soils such as soft clays or water laden sands, 
which will not stand unsupponed long enough for the construction of the tunnel liner. 
The shield is advanced, and excavation takes place beneath the shield. The tunnel 
liner is then constructed and the shield is advanced. 

Since the tunnel liner is constructed inside the shield, a void will be left between the 
soil as supported by die shield and the liner. This void is usually filled by grouting, 
but it is possible to use a liner which is expanded to the shield dimension as the shield 
is advanced. 
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Tunnel shields provide ihe opponunity for excellent grade control, but groundwater 
conditions may lead to loss of the excavated face and the soil above. This 
phenomenon is often overcome by the use of compressed air in the tunnel, but the 
maintenance of air pressure in the tunnel significandy complicates the tunnelling 
operation. 



Tunnel Boring Machines (TBMs) 

Tunnel boring machines arc commonly used in the construction of large diameter 
tunnels. The machines consist of a rotating cutting head mounted on the face of a 
travelling control centre of the same approximate outside diameter as the finished 
tunnel liner. The liner is installed at the rear of the advancing machine. Cutting 
heads can be designed for excavation in rock, rill, soft ground or water laden 
conditions. The attitude of the cutting face can be adjusted hydraulically to alter the 
course of die machine, providing for grade and alignment control. Where the face of 
the excavation is stable, and groundwater is not a problem, the machines tend to 
incorporate an open-faced design. Where pressure must be maintained at the face, a 
"pressure balance" system, incorporating a closed face machine with adjustable doors 
may be employed. 



Open Faced Mining 

Open faced mining operations can be completed in stable ground with the use of a 
spinning cutting head at the end of a movable arm. Material is cut from the ix)ck face 
and then loaded into muck cars or onto a travelling belt system. In some cases, open 
faced mining operations are carried on in soils requiring minimal support, or in 
compressed air environments. 
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Drill and Blast 

Drill and blast operations are often quite economical in rock excavations, but blasting 
vibrations can preclude the use of this method in urban or sensitive areas. 

Tunnels of less than 900 mm diameter are usually considered too confined for men to 
operate in, and these tunnels are most commonly constructed through microtunnelling 
methods. These methods may include: 



Directional Drilling 

A drill rod with a slopefaced head is rotated and pushed through the soil. Direction, 
progress and depth can be monitored from the ground surface with a locator unit. 
Direction is altered by stopping the rotation of the head so that forward progress 
results in a deflected path. When the drill rod surfaces or breaks into the receiving 
pit, the head is replaced with a reamer and drawn back to increase the tunnel diameter. 
Continuous pipe such as polyethylene is usually pulled into place behind the reamer 
head. This method does not provide for accurate grade control, and the size of the 
pipe to be drawn into place is somewhat limited. 
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Tunnelling Moles 

Tunnelling moles which are too small for an operator to occupy can be remotely 
controlled from an operations centre outside of the tunnel. The mole is very similar in 
nature to a TBM, except that the mole is advanced by the pipe jacking method. The 
mole is fitted with an articulated head which provides for accurate grade control 
capabilities. Excavated material is transported from the face of the excavation in a 
slurry pipe system. 

The tunnelling mole has been modified to follow the alignment of existing sewers, so 
that new sewers can be installed in the location of old or undersized sewers. This 
modification requires that the cutting head of the mole be fined with a plug which 
centres itself in the old sewer as the mole is advanced. 



SEWER APPURTENANCES 

The design of sewer appunenances is as imponant as the design of the sewer itself Poorly 
design manholes or connections which settle or crack can allow for the entry of groundwater 
into the sewer system or the exfUtration of wastewater into the water table. 

While the contamination implications of wastewater exfiltration from the sewer are fairly 
obvious, the effects of groundwater entry to the system are equally significant During storm 
events, the entry of surface water through depressed manholes, the entry of rainwater from 
downspout and storm drain connections, and the infiltration of groundwater through poorly 
sealed sections of the system can combine to subject the sewer to flows far beyond the design 
flows. This condition can cause direct discharge of untreated wastewater from overloaded 
sewers, or can result in flows to the treatment facility which are too great to treat. 
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LEGAL IMPLICATIONS 



THE COMMON LAW 

The common law recognizes a variety of civil wrongs or "torts". These civil wrongs have the 
effect of making a person whose conduct causes loss or damage to another, legally 
responsible to compensate the person wronged in money damages for such loss. If the 
wrongful conduct is of a continuing nature, the court may also make an order called an 
"injunction", which may require the wrongdoer to stop the wrongful conduct. 
The common law is applied in environmental situations generally to protect what could be 
called the "good neighbour" relationship. This means that the common law protects one 
neighbour's quiet enjoyment of her land, from unreasonable interference resulting from 
activities of another neighbour. 

The types of "ton" liability upon which common law environmental claims are most often 
made are: 

Negligence 

Strict Liability 

Public Nuisance 

Private Nuisance 

- Defence of statutory authority 

Riparian rights 
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Negligence 

While negligence is the most common of all types of tons, it is not used much in 
environmental contexts because the tort of nuisance provides a broader basis for 
liability. For liability to be established in negligence, the courts have required the 
person wronged to prove the following: 

* that the claimant suffered damages; 

that there existed a duty of care; 

that the defendant breached the duty of care by failing to meet a 
reasonable standard of care; 

the conduct of the wrongdoer was the proximate cause of the loss; and 
that the conduct of the person wronged, did not create a bar to recovery 
(ie. voluntary assumption of risk). 

The burden of proof is on the person wronged to prove each of these factors, on a 
balance of probabihties, before liability will be placed on the wrongdoer. 



Problem Area's - Negligence 

Where harm has been suffered due to exposure to environmental hazards, and 
the harm is not trivial and is foreseeable, it is generally not difficult to 
establish a duty to prevent the occurrence of the harm. 

Reasonable care will be a substantial issue where the environmental problem 
involved a sudden or accidental situation that caused immediate effects. 

The voluntary assumption of risk entails deliberate acceptance of known risks 
and it can be difficult to establish knowledge of the risks because even experts 
have trouble assessing the significance of many risk area's. 
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Proximate cause can be difficult to prove in circumstances where the effects of 
an environmental problem are gradual or complicated by the interaction of 
environmental and/or other conditions. 

In cases where there are two separate causes, it may be enough if the one of 
the causes was the fauh of the wrongdoer who is a party in the law suit. This 
relates back to the issue of burden of proof such that, where two parties are 
both guilty of negligent conduct, in circumstances where the conduct of onJy 
one of them brought about the loss or injury, both are considered to be the 
cause of the wronged parties loss, and therefore both are held responsible. 
(Cook V. Lewis [1951] S.C.R. 83) 



Strick Liability 

In Canada, the doctrine of strict liability comes from the English House of Lords 
decision of Rylands v. Fletcher (1866), L.R. 1 Ex 265. The principle established in 
that case is that if someone brings something onto their land that is inherently 
dangerous, and permits, whether deliberately, carelessly or accidentally, the dangerous 
thing to escape from their land, then they will be held strictly liable for all damage 
caused by the escape. To succeed in an action based on strict liability the courts have 
required that: 

The defendant must be the owner or occupier o£ the land; 

The conduct giving rise to the action must amount to a "non-natural" 

use of the lands; 

The escaping substance must be a "dangerous thing", and; 

There must be an "escape". (Read v. Lyons and Co. Ltd. [1947] A.C. 

156 
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A non-natural use of the land, which at one time meant an "artificial use", has 
now come to mean a special, or unusual use, as stated in Rickaids v. Lothian, 
[1913] A.C. 263 (P.C.) at 280: 



"it is not every use to which land is put that brings into play that 
principle. It must be some special use bringing with it increased 
danger to others, and must not merely be the ordinary use of the 
land or such a use as is proper for the general benefit of the 
community..." 



Defences to Strict Liability 

Several potential defences are available to a defendant in a strict liability case. These 
defences include consent of the plaintiff, contributory negligence of the plaintiff, act of 
God, statutory authority, and lastly the deliberate act of a third person. 



Public Nuisance 

The law makes a distinction between public and private nuisances. Only private 
nuisance is actionable at the instigation of the aggrieved property owner. A public 
nuisance actus, by contrast, must be commenced and prosecuted by the Attorney 
General as a criminal or quasi-criminal offence which involves actual or potential 
interference with public convenience or welfare. As well, public nuisance must 
materially affect the reasonable comfort and convenience of a class of persons before 
it will be actionable. It is a question of fact, in every case, whether or not the class of 
affected persons in any community, is of sufficient size to constitute a class for the 
purposes of public nuisance. 
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It is possible, however, for a person who has suffered unique or particular damage 
beyond that suffered by the public and large to bring a successful suit in public 
nuisance. The cases indicate that there must be proof of "special damage" which must 
be different in kind and degree from that suffered by the general public. In Stein v. 
Gonzales (1985), 14 D.L.R. (4th) 263 (B.C.S.C.) at 266, Madame Justice McLachlin 
held that: 

"the ultimate question is simple; is the damage suffered by the plaintiff 
different from that suffered by other members of the community?" 

The case law is not entirely clear with respect to the extent that the mere presence of 
some general impact on the public will preclude a private action by a landowner who 
has suffered harm which is "special" and more substantial than that of the harm 
otherwise experienced by the public. It would be helpful if the courts or the 
legislature would clarify the criteria sufficient to remove a private cause of action 
based on public nuisance, from this "special "category. 



Private Nuisance 

Private nuisance is defined as an unreasonable interference with the use and enjoyment 
of land. It includes physical damage to land, interference with the exercise of some 
easement or other right, or injury to the health, comfort, or convenience of the 
occupier. (Heming, The Law of Torts, 6th Ed. 1983, p.384 

There are several factors that come into play with respect to private nuisance. First is 
the issue of the plaintiffs interest in the land. The tort generally requires that only an 
actual possessor of the land may complain. Therefore, this includes those who are 
owners in fee simple and those with a leasehold interest in the land. An exception to 
the possession rule exists for mortgagee's, where the nuisance will have a permanent 
effect upon the value of the property (Preston v. Hilton (1920), 48 O.R, 172 (H.C.). 
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There is some confusion in the case law as to exactly what type of interest in the land 
will be sufficient allow a suit to be brought. For example , Winfield and Jolowicz on 
Ton (12th ed) at 398 states that: 

"a person who has merely the use of land without either the • - 

possession of it or any other proprietary interest in it, e.g. a 

licensee without, possession, such as a lodger or a guest, cannot 

sue in nuisance. For the same reason even members of the 

occupiers family cannot maintain an action in nuisance although 

of course if they suffer personal injuries it is always open to 

them to sue in negligence. It may be, however, that a licensee 

with exclusive possession has a sufficient interest in the land to 

be permitted to claim in nuisance." 

A second relevant factor for private nuisance is that the interference must be 
continuous and substantial. The test is an objective one based on reasonableness. 
However, the "reasonableness" of the interference is determined by considering a 
number of factors: 

The character of the neighbourhood; 

The severity of the interference having regard to its nature and duration 

and effect; 

The utility of the defendant's conduct; and 

The sensitivity of the use interfered with. 
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Defences to Private Nuisance 

The tort of private nuisance has several defences that arise from time to time 
associated with it. The first is the defence of statutory authority. This is the defence 
that was argued in the famous Scarborough Golf Club case which we viill be talking 
about later. The defence is most often raised in cases involving public and private 
works in respect of which legislation has been specifically passed. The defence 
operates in two main ways: 

Where a statute expressly provides for an 
exemption from common law liability for 
maintaining a nuisemce; 

Where a statute is mandatory in the sense that it 
dictates the precise manner in which an 
undertaking is to be implemented 

In the second of these situations, the defence operates only where the creation of a 
nuisance is an "inevitable consequence" of the undertaking as mandated: (Gty of 
Portage La Prairie v. B.C. Pea Growers Limited, (1966), S.C.R. 150 (S.C.C). The 
onus of showing inevitability rests on the defendant, who may satisfy it by showing 
that all reasonable care was exercised in light of current scientific knowledge and 
practical feasibility (Linden, Canadian Ton Law, 4th ed. 1988 at p. 514). The result 
of this is that this defence is not available where the statute is permissive or where the 
manner an undertaking is implemented is not dictated. 
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The defence of statutory authority has been often raised in cases involving overflows 
of municipal sewers. In Qty of Portage LaPrairie v. B.C. Pea Growers Limited, 
supra, the municipality appealed a judgment of nuisance by the Manitoba Court of 
appeal in respect of seepage from the City's sewage lagoon onto a plaintiff's farmland. 
In defence, the municipality argued that it had a statutory authority to erect and 
maintain the work in question, in the manner diat it did. The Supreme Coun of 
Canada considered the relevant statutory provisions and held that: 

"The appellant was given the power to construct a sewage lagoon but it 
was not subject to a specific mandate to do so irrespective of whether a 
nuisance was thereby created or not. There is nothing in the City 
Charier expressly providing that it was to be exempted from its 
common law liability for maintaining a nuisance if, in fact, a nuisance 
did result. Nor is this a case in which the appellant can contend 
successfully that the creation of a nuisance was an inevitable 
consequence of the exercise of its statutory powers and that, in 
consequence, the statute would provide a defence of a claim in respect 
of it" 

Defence by Grant of Easement 

A defence to a private nuisance action is also afforded when the defendant possesses 
an easement to perform the relevant actions. An easement may be acquired by 
implication where it can be shown that the parties to a conveyance intended that an 
easement be created or where it can be shown that an apparent and continuous 
easement is necessary for the use and enjoyment of property. Gale on Easements (14 
ed.) at page 87 shows the effect of the necessary implication of an easement in 
accordance with the requirements of the operation of a Mill. The author states: 

"In Keewatin Paper Co. v. Lake of the Woods Milling Co. a giant by 
the Crown of land which included a mill and artificial channels from a 
lake was held to include, by implication from the circumstances, the 
right to use, for the purposes of the mill, all the water that the channels 
at the time of the grant, could bring." 
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Riparian Rights 

Riparian rights pertain to the obligations that an upstream owner of property has 
towards a downstream owner of propeny with respect to the flow and quality of the 
water passing in the watercourse to the downstream owner. Every riparian owner is 
entitled to the wa^r of her stream, in its natural flow, without unreasonable diminution 
or increase and without unreasonable alteration in its character or quality. The 
practical result of this is that riparian owners can not divert water or add waste to 
water to the detriment of the lower riparian owners. 

The common law has developed principles that limit the extent of riparian rights. For 
example, there appears to be an unrestricted right to use water for domestic purposes, 
such as drinking and washing, and a riparian owner will not be liable for exhausting 
the entire supply of the stream for those purposes. But when a riparian owner uses the 
water for an "extraordinary use" such as an indusoial use, the use must be reasonable 
in so far as it interferes with the rights of lower riparian owners. In determining what 
is a reasonable interference, factors such as the character of the stream and the nature 
of the use of the water arc examined; (Gauthier et 1 v. Naneff et 1 (1970), 14 DX.R. 
(3d)513(OnL Co.Q)). 

However, this common law position is now amended as a result of the Ontario Water 
Resources Act R.S.O. 1980 c.361 s.20 (3) which limits the amount of water that may 
be taken in any one day to 50,000 litres. The OWRA also provides that if water is 
being taken for purposes other than household use, livestock or firefighting, and this 
taking interferes with any public or private interest, that the director "may" prohibit 
such taking. 
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If a riparian owner's rights are violated, she need not prove actual damage to maintain 
her action. It will be sufficient what her legal riparian right has been affected: (McKie 
V. K.V.P, Co. [1948] 3 D.L.R. 201; AFFIRMED [1949] S.C.R. 698 (S.C.C)). 
However, proof of some damage may be necessary to establish that a defendant's use 
is unreasonable. This creates a strict liability type of responsibility which was 
expressed by Justice Coffin in Lockwood v. Brentwood Park Inv. Ltd. (1967), 64 
D.L.R. (2d) 669 (c.A.) such that: 

"The plaintiff must satisfy the coun that the defendants have wrongfully 
interfered with the flow of water, that the diminution of the f*ow has 
been substantial, that the plaintiff has suffered thereby and that the use 
of the water made by the defendants has been unreasonable. She must 
also show that the damage which she has suffered is not of a mere 
trivial nature". 

Therefore, the issue for the plaintiff is to prove that she is a riparian owner and that 
there has been an unreasonable and substantial interference with the flow or quality of 
water, which was caused by the defendant. The onus then shifts to the defendant to 
show that the interference is not unreasonable, whether or not the defendant was at 
fault or was negligent. 
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STATUTORY FRAMEWORK 

Federal Fisheries Act 

The task of developing a new management strategy for Ontario fisheries was 
undertaken by a joint federal-provincial task force in 1974, complementeD in 1983 and 
1985 by policy and procedure papers. With the recognition that fish stocks were 
deteriorating, it was felt that the traditional appro^h to fisheries management, which 
had focused on development, exploitation and open access was no longer appropriate. 
A new approach to Fisheries management, characterized generally by maintenance in 
the north, and by rehabilitation in the south, was held to be essential. 

Towards this goal, the Department of Fisheries and Oceans adopted a policy that will 
administer the Federal Fisheries Act through inter-agency cooperative arrangements, 
use project referral systems and environmental and energy assessment and review 
procedures wherever possible. It is hoped Uiat through these methods that die policy 
goal of "no act loss" can be sustained. 

One of the main strategics of the Fisheries Act is to moderate and control development 
in fish habitats much in the way that a planning act controls the development of 
buildings in a municipality. This is done to protect fish habitats by administering the 
Fisheries Act and incorporating fish habitat protection requirements into land and 
water use activities and projects. Section 35(1) of the Fisheries act states that no 
person shall carry on any work or undertaking that results in the harmful alteration, 
disruption or destruction of fish habitats, and s.35(2) states that it is not an offence to 
carry on such acts with the authorization of the Minister, The practical 
implementation of Ministerial authorization is now set out in a 6 step procedure such 
that: 

Step 1 

Information is received about the project by the appropriate Ministty. In 
Ontario this is the M.N.R.. 
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step 2 

(a) Assess the potential impact on fisheries and habitat. 

* additional information may be required 

(b) Assess alternative siting or other options and discuss with proponent. 

(c) Assess mitigation options. 

(d) Assess compensation options. ^ 
Step 3 

(a) consult with public proponent and other government agencies (major 
potential impact). 

(b) consult with proponent and interested parties, (minor potential impact). 
Step 4 

(a) Proceed as proposed 

(b) Proceed with cautions 
(C) reject proposal 

* this may lead to appeal 

Step 5 

Monitor compliance and effectiveness 

Step 6 

Problem correction or prosecution if required. 
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The Federal Government will not apply this policy in those jurisdictions that have 
been delegated administrative responsibility for the legislation. These provinces arc 
Ontario, Saskatchewan, Manitoba and Alberta and some fisheries in Quebec. 

Practical/Substantive Aspects of Fisheries Act 

The basic legislative scheme for water pollution control under the Fisheries Act 
centres on the general prohibition in s.33(2) and exemptions to this general provision. 
Section 33(2) reads as follows: 

Subject to subsection (4), no person shall deposit or permit the deposit 
of a deleterious substance of any type in water fircquented by fish or in 
any place under any conditions where such deleterious substance or any 
other deleterious substance that results ftx)m the deposit of such 
deleterious substance may enter any such water. 

The crown must demonstrate on charges brought under s.33(2) the following essential 
elements: 

the identity of the accused 

This is important because often the person is a corporation S.33(8) allows an 
accused to exculpate himself by showing that the act was committed without 
his knowledge or consent and that he exercised all due diligence to prevent its 
commission. 

the act of depositing 

S. 33(11) includes a definition of "deposit". This definition is wide enough to 
encompass all possible scenarios, for example: 

"discharging, spraying, releasing, spilling, leaking, 
seeping, pouring, emitting, emptying, throwing, dumping 
or placing" 
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proof of deleterious substance 

This has been the subject of judicial controversy. The problem arises because 
of the definition which is somewhat circular. A deleterious substance is 
defmed as, "any substance that, if added to water, would degrade or alter....the 
quality of the water so that it is rendered.... deleterious to fish or fish habitat 



The decision of the B.C. Court of Appeal in the MacMillan Bloedel (Albemi) 
decision resolved this issue: 

"What is being defined is the substance that is added to 
the water, rather than the water after the addition of the 
substance.... Once it is determined that (the substance in 
question) is a deleterious substance and that it has been 
deposited, the offence is complete without ascenaining 
whether the water itself was thereby rendered 
deleterious". 

The crown typically uses expert testimony to prove a substance is deleterious. 
Evidence of fish kills and the results of aquatic toxicity tests are used to give 
credence to expert testimony. 

proof that the water was frequented by fish 

This used to be required as proof of the offence, but the passage of s.33.4(3) in 
1977, shifted the onus to the defendant. On at least one occasion, the 
defendant was acquitted after proving that the water in question was not in fact 
frequented by viable commercial or recreational fish. 

R. v. MacMillian Bloedel Limited (1984), cited in Fisheries Pollution Repons 
Vol. 3, p. 459. 
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MQE APPROVALS FOR SEWERS 



MOE ORGANIZATION 

Applications for constructing sewers are submitted to the Director of the Approvals Branch. 
The Director of the Approvals Branch reports to the Assistant Deputy Minister of the 
Environmental Planning and Prevention Division who in turn reports to the Minister of the 
Environment, the Honourable Ruth Grier, thru the Deputy Minister. Several people are 
usually designated in the Approvals Branch as "Director" under the Ontario Water Resources 
Act and are appointed by the Minister. The "Director" responsible for issuing Cenificates of 
Approval under the Ontario Water Resources Act may not necessarily be the Director of the 
Approvals Branch. The review staff and one designated "Director" are, however, in the 
Municipal Approvals Section in the Approvals Branch and are located at 250 Davisvilie 
Avenue in Toronto. 



LEGISLATION 

Ontario Water Resources Act 

Approval for storm and sanitary sewers is required under Section 53 of the OWR Act 
which states that: 

"No person shall establish, alter, extend or replace new or 
existing sewage works except under and in accordance with an 
approval granted by a Director" 
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Section l(s) of the OWR Act defines sewage works as: 

"any works for the collection, transmission, treatment and 
disposal of sewage, or any part of any such works, but does not 
include plumbing or other works to which regulations made 
under clause 75(3)(a) apply" 

with sewage being defined in Section l(r): 

"sewage includes drainage, storm water, commercial wastes and 
industrial wastes and such other matter or substances as is 
specified by regulations under clause 75(2)(m)" 



Environmental Assessment Act 

The applicant should be cognizant of the fact that he/she must also follow the planning 
process set out in the Environment Assessment Act. For sewers, this usually means 
following Schedule A of the Class Environmental Assessment for Sewage and Water 
Projects. 



Environmental Protection Act 

Generally sewage works, including sewers which are exempt from the approvals 
requirements of subsection 53(1) of xhe OWR Act (with the exception of very limited 
and specific items) will require approval under Part Vn of the E.P. AcL This program 
is administered in most areas by the Healdi Units under Agreement with MOE. 
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Ontario Plumbing Code 

The Ontario Plumbing Code is wrinen under the authority of clause 75(3){a) of the 
OWR Act and is administered by the Ministry of Housing. Essentially, the Ontario 
Plumbing Code covers all piping within a structureA)uilding or on private property. 
The notable exception to this is a private sewer which is defined in Sentence 77 
Clause 1.3.2 of the O.P. Code. 

AGENCIES INVOLVED IN THE APPROVALS PROCESS 

Ministry of the Environment 

MOE Regional Offices thru the District Offices administer the municipal and industrial 
pollution abatement programs. As part of the Approvals Process, the MOE Regions 
are consulted on each and every application to ensiue the proposed works fit in with 
the MOE pollution control strategies. This is done thru a process called "Regional 
Clearance" or "Policy Check". MOE Approvals Branch review the design against 
MOE Design Guidelines, Standards and Policies. 

Ministry of Natural Resources 

The MNR thru the Conservation Authorities develops watershed plans, identifies 
drainage targets and issues storm water outfall permits under the provisions of the 
Conservation Authorities Act and the Lakes and Rivers Improvement Act 

Municipalities 

Municipalities review applications against their own guidelines and standards and 
enforce their municipal by law requirements. 
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MOE GUIDELINES AND POLICIES 

Guidelines 

MOE staff review applications against MOE Sewer and Wateimain, etc., Design 
Guidelines, 1985. For storai water, Urban Drainage Design Guidelines, April 1987 are 
helpful. 

Polici^ 

MOE staff also consider application in light of MOE policies set out in Manual of 
Environmental Policies and Guidelines, Volumes 1 and 2. MOE Policy No. 08-02-01, 
Statement of Policy to Govern the Separation of Sewers and Watermains must be 
noted the and adhered to in the design process. MOE Policy No. 12-02-01 - 
Construction Prior to Ministry Approval emphasizes the seriousness with which the 
Ministry views the practice of constructing works without the proponent obtaining 
approval as required under the OWR Act. 

REVIEW PROCESS 

Routing of Applications 

The Application for a Certificate of Approval is to be made to: 

Ministry of the Environment 

Approvals Branch, Municipal Approvals Section 

250 Davisville Avenue, 3rd Floor 

Toronto, Ontario M4S 1H2 

Attn: Mr. W. Gregson, Manager Telephone: (416) 440-3713 

A copy of the application and supporting documents is to be forwaixied to the District 
Officer. 



13-4 



Administrative Procedures 

Applications arc received in the Approvals Branch by the Administration Section 
where they arc dated and forwarded to the Information Officer. The Information 
Officer records the receipt of the application on the C of A Database, assigns a file 
number and prepares a file. The applications arc then forwarded to the Municipal 
Approvals Units (Approvals East and Approvals West). 

All status requests are to be made through the Information Officer. When making 
status request, the Information Officer must know; 

the name of the applicant (appearing on the application form for a Certificate 
. of Approval); 

the name of the municipality in which works are to be located; and 

* the type of works (sewage, water, storm water, etc.). 
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Figure 13<1 Transfer Program Applications 
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Figure 13>2 Ncm-Transfer Applications 
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Signatures Requires 

The name and address of the applicant should be clearly shown. (This information is 
required later for sending correspondence). 

Usually, the signatures required along with the applicants include the signature and 
seal of the engineer who has prepared the engineering documents. If the applicant is 
not a municipality in which the works are to be constructed, the signature of the 
municipal clerk is required. This is to establish a municipality's general agreement 
with the proposed works and is not necessarily a technical approval and/OT 
responsibility for the works. 

If the applicant will not be the operating authority upon completion of the works, the 
signature of the authorized official of the operating authority is required. For storm 
water management proposals, the apphcant should discuss the proposal with the 
municipalities' engineers to ensure there is an agreement on the degree of flood 
protection provided by the minor and major systems and with the Conservation 
Authority to ensure the design incorporates satisfactory design features for stream 
protection. 
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THE APPLICATION 

Information Required with Applications 

Generally, the information required with applications for approval of sewers and 
watermains is outlined in our "A Guide on Applying for the Approval of Sewers and 
Watermains". 

Application Forms 

Description of Works (Page 2) - The application should set out precisely what 
the applicant is applying for. The collection portion of the system can be 
described on page 4 of the application form. 

Location of P*roposed Sewage Works - The location of die works should be 
clearly stated. 

Applicant's Identification - Confumation of the applicant's identification is 
required as an application document. In the case of "individuals", a birth 
certificate would be appropriate and in the case of "corporations". Form 1, 2 or 
3 (as appropriate) of O. Reg. 189, Corporations Information Act, should be 
provided. These are available in most company's Legal Departments and the 
Ontario Ministry of Consumer and Commercial Relations. (Note: The 
Consulting Engineer should not sign on tehalf of the applicant or be the 
applicant). 



13-9 



OFTEN OVERLOOKED DETAILS RESULTING IN DELAYS 

Make sure of the applicant's legal name. 

Clearly describe the works on the application form. 

Identify Municipality in which works are located 

Identify easement and streets on which the sewers and watermains are located. 

Make sure supporting documentation is attached. 

Make sure Municipality in which die project is located and the MOE District 
Office are in agreement with the project proceeding. 

When MOE Approvals staff write or phone and request information, give them 
what they need. Staff require the information because of MOE Policies, 
Guidelines and Procediues in place. 
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CONSERVATION AUTHORITY PERSPECTIVE 



INTRODUCTION 

Conservation Authorities are independent corporate bodies formed under the Conservation 
Act. Conservation Authorities were originally formed in the late 1940's with a primary focus 
on agricultural erosion control. Subsequent to Hurricane Hazel in 1954, AuUiorities were 
given responsibility for flood control as well. 

Three sections of the act which apply to sewer approval process: 
S.20 

The objects of an authority are to establish and undertake, in the area over which it 
has jurisdiction, a program designed to further the conservation, restoration, 
development and management of natural resources other than gas, oil, coal and 
minerals. R.S.O. 1980, c.85, s.20. 

* 

S.21 Sub. 

0) to control the flow of surface waters in order to prevent floods or pollution or 
to reduce the adverse effects thereof; 

S.29 Sub. 

(b) prohibiting or regulating or requiring the permission of the authority for the 
straightening, changing, diverting or interfering in any way with the existing 
channel of a river, creek, stream or watercourse; 
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Conservation authorities arc primarily concemed with storm sewers. Pursuant to S. 21 (j) 
Authority advocates comprehensive stormwater management on a watershed basis. This gives 
rise to the Master Drainage Planning process, which MTRCA advocates where possible. 
Where an MDP is not in place, individual development must have Stormwater Management in 
place which reduces post development flows to pre- development levels for a certain order 
storm. Through our role as a commenting agency or planning act applications, Authority 
requires the preparation of MDP/SWM report. These must address pre and post development 
flows, pipe sizes, detention facility size and location and increasingly, environmental 
factors.The Authority is also considering adopting water quality criteria for developments. In 
some cases, these can be "piggybacked" with minor system quantity control. With regard to 
the regulations noted as pan of S.28 die Authority requires that permits be issued for 
detention facilities outfalls to watercourses. This links back to the approved stormwater 
management techniques. The Authority also reviews outfall design for erosion control and 
minimization of disturbance during construction. 



SANITARY SEWER DESIGN 

The Authority does not participate in sanitary sewer design. We are concemed with the 
location of treatment facilities as they relate to construction in the flood plain. The Authority 
has power to issue permits for watercourse crossings pursuant to S.28. Primary concerns with 
pipe crossings related to depth of cover on pipe (protection from erosion and ice scour), 
minimization of disturbance to watercourses during construction and rehabilitation of crossing. 
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STRUCTURE OF APPROVAL PROCESS 

The following is a typical approval process for a plan of subdivision to illustrate how the 
"system" works. 

1. A proposed draft plan of subdivision will be circulated to the Authority for 
comment by the coordinating municipality (regional or local). 

2. The Authority will request that a draft condition be included requiring a 
stormwater management repon and that all required permits for works pursuant 
to the regulation be obtained (these would include all works relating to the 
stormwater detention facility, outfalls grading associated with the work and any 
sanitary watercourse crossings). 

% The proponent (engineer) would submit a stormwater management report to 
satisfy the draft condition. 

4. Once the repon was deemed acceptable by the Authority, the engineer would 
prepare detailed design for works proposed to submit with a permit application. 

5. The Authority would review the permit to ensure that it complied with the 
overall drainage scheme outlined in the SWM (or MDP). 

6. Once the permit was issued and all conditions of draft approval were met, the 
Authority would release the plan for registration. 

7. Generally speaking, the Authority will consider pre-servicing prior to 
registration if the necessary Authority permits have been obtained. 
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Prior to the initiative of grading and prior to the registration of this plan or any phase thereof, 
that the owner shall submit for the review and approval of the Metropolitan Toronto and 
Region Conservation Authority, (MTRCA) a detailed engineering repon which describes the 
storm drainage system for the proposed development on the subject lands. This repon should 
include: ■ 

plans illustrating how this drainage system will tie into surrounding 
drainage systems, ie. Is it part of an overall drainage scheme? How 
will external flows be accommodated? What is design capacity of the 
receiving system? 

stormwater management techniques which may be required to control 
minor flows 

proposed methods for controlling or minimizing erosion and siltation 
on-site and in downstream areas during and after construction. 

location and description of all outiets and other facilities which may 
require permits under Ontario Regulation 293/86. 

N.B. It is recommended that the developer or his consultant contact the Authority 
prior to preparing the above report to clarify the specific requirements of this 
development. 
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APPROVALS PROCESS MNR PERSPECTIVE 



The Lakes and Rivers Improvement Act (LRIA) empowers the Ministry of Natural Resources 
to review and approve construction projects. The LRIA is intended to protect the interest of 
riparian landowners; preserve public rights related to lakes and rivers; protect fisheries and 
other natural resources; ensure that works constructed on lakes and streams are suitable; and 
that they are operated and maintained in a safe and reasonable manner. In order to achieve 
these objectives, location approval and plans approval may be required prior to construction. 
Projects for which approval may be required include: storm sewer outfalls; diversions; 
channelizations; bridges; and culverts. 
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Table 13-1 General Provisions of LRIA 



Section 2 
Purpose of Act 



Preservation of 
public rights 
I^tecdon of 
interests of 
riparian owners 
Use, management 
and perpetuacion 
of fish and wildlife 
f^scrvation of 
natural amenities 
Suitability of 
location and nature 
of tmprovcnients 



Section 1 
DeflntUons 



DAM; Any works 

which forward, 
hold back, or 
divert water 

LAKE: Includes a pond 

RIVER: Includes a 
creek and a 
stream 



Section 14 
Approvals 



No person shall construct a 
dam on any lake or river 
until the location and plans 
and specification are 
approved in writing by the 
Minister of Natural 
Resources. 

Exceptions: 

Emergency construction. 



Section 17 

Order (o produce 

plans or repair 



If the condition of a dam is 
such that water may be 
held, diverted or forwarded 
in sufficient volume to 
cause personal injury or 
property damage. 

Minister may order: 

- Production of plans 
within a 

given time 

- Order repair, 
reconstruction 

or removal 

- Crown 



Section 19 
Inspection 



Inspection of a dam may 
be authorized by the 

Minister 



Section 20 
Offenses 



Constructs or 
maintains dam 
in contravention 
of AcL 

Refuses or 
neglects to 
provide plans. 

Hinders or 
obstructs agent 
employed by or 
under Minister's 
direction. 
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Table 13-2 Guidelines and Criteria For Approval 



P»rt A 
Location 



Section Z2 Typei of Wofk 
Reqaiiing Approvalt 

- Dimi - pemuncnl. 
teisonal, np»ii tad 
reconstruction 

- Divenions - total, putiii, 

tonponiy, by-pass ponds 

- Gwmeliziiicin - 
widening, tuaightening, 
deepening 

- Reiaming Walls 

- Bridge) and culveiti 

- Saniuiy (ewer, gat and 
cither utility ciossingt 

• Stoim sewer outfalls and 
SWM ponds 



Part A 
Location 



Section 2.3 Classes of Lakes 
and Riven 

Peimanoit Streams: 

Row for 9 or more 
consecQtive months, all 
dams requite appnyval. 

Intemutient Streams: 

Flow for fewer than 9 
consecutive months, dams 
require apptoval if: 

- diiinage area > 125 ha 

- dam height > 3 meters 

• significant fishery concern 



Pari A 

LootUon 



Section 2.4 Works for which 
approval not required 

- Work which do not 
encroach on the fiver 

channel 

- FtU in the floo<%>lain 

• Works by Conservation 
Authorities or the Crown 



Pari B 

Plans & SpcctftcatkHis 

Approval 



Section 2 Dams requiring 
design by P.Eng. 

- Dim height > 3 metcn 

- Dam height > 2 meters 
and reservoir aiea > 2 ha 

- Dam with drainage area 
> 5 sq. km 

- Diversions & 
chaniKliation 



Criteria for Protection of 
Riparian Interests 



Dam site and any area to be 
permanently or periodicaUy 
flooded above the dam, 
including both sides of the 
channel shall be locked: 

i) enciiely on lands owned 
by applicants 

ii) on lands which the 
applicant has obtained 
legal authority (ie, 
easement, flood rights, 
lease, etc) 

Adequate downstream flows 
to be maintained during 
both construction and 
operation of the dam 



Watercourse 
Endosure* 



MNR policy to discourage 
watcrcoune enclosures 
where the drainage area > 
125 ha for following 
reasons: 

- limited hydraulic capacity 

- uncertaintiei associated 
with hydrologic 
calculations 

- more luscepiiUe to ice 
and debris blockage 

- less flexibitity for 
improvement (ie. invert 
lowering, etc) to address 
future proUems 

- open channels can 
rehabilitate themselves 
over time to form 
valuable Tish and wildlife 
habitat 
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Table 13-3 Administration of the LRIA 



Work Permit - both 


3 sets of drawings 


Application made to 


If location acceptable, 


Timing, should allow 


LRIA and Public 




district 


plans forwarded to 


minimum of 3 months. 


T^nds Act approval 




.- 


Regional Engineer. 
Schedule F conditions 
drafted and returned to 
district. District issues 










permit 


^ 
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MOE 

Standards Development Branch 
Li'^RARY 



TD 


Urban draniage an 


d sewer 


657 


design course. 




.U73 


78446 




1992 







